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PREFACE. 


In the steam-turbine we are confronted with an 
entirely new series of phenomena. The knowledge of 
steam accumulated by familiarity with the reciprocat- 
ing engine is of little use in ‘designing tlfis newest. vet, 
oldest of prime movers. Nor can “the cut-and-try 
methods that have brought the reciprocating engine 
to its present and, it may almost be said, its final 
stage of excellence be employed in the steam-turbine. 
Modern commercial conditions are such that design 
must be based on ascertained physical laws. * 

The development of the steam-turbine within the 
last few years has been remarkable. It has reached a 
position not only of equality with the best modern 
engines, but its high efficiency, its lower first cost, 
smaller size, and ease of operation have placed it in the 
very forefront of steam-engincering practice. 

This rapid advance has naeessitated the re-investiga- 
tion of steam from the point of view of velocity instead 
of pressure, of kinetic energy instead of potential, of 
theafriction of rapidly moving bodies against a vapor 
instead of a lubricated surface, of the balancing of 

an 


iv PREFACE. 


yparts*so that they shall revolve about their centre of 
gravity, and of numerous other questions which are But 
Beginning to make themselves felt. The ayailable data 
are few, ang practically all the information is scattered 
widely through the pages of French or German scientifi@ 
periodicals. 

(Of all these, the fundamental problem is the propor- 
tioning of the nozzles or passages which shall permit 
the steam to transform its pressure ,into vis viva. 
While there cxists considerable information on_ this 
subject throughout the scientific press, very little is 
reliable or in such shape as to be of practical value. 
The experiments undertaken by Prof. Rateau on this 
most important feature of steam-turbine design were 
made when he was beginning his study of the steam- 
turbine and evidence a care and precision of scientific 
research coupled with a keen appreciation of the prac- 
ticah that give a report of his results a yalue to the 
designer too often wanting in the ordinary laboratory 
investigation. 

In the hope that these results may be of some service 
to those who have neither the time nor the inclination 
to study them in the original, this translation has 
becn made. 

H. B. B. 


Cxicaco, September 1904, 
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EXPERIMENTAL RESEARCHES 


ON 


THE FLOW OF STEAM THROUGH CONVERGENT 
NOZZLES AND ORIFICES IN THIN PLATES. 


1. The operation of steam turbines depends upon 
the flow of steam at a high velocity. In order to be 
able to calculate these machines rationally it is neces- 
sary to have a complete knowledge of the phenomenon 
of the flow* of steam. As only brief, incomplete and 
sometimes erroneous ideas are found in the works on 
mechanics and thermodynamics, I undertook extended 
and precise experimental researches in order to verify 
the thermodynamic priveiples involved. 

The results of these researches, made in 1895-96, 
are here published. We shall see that the theoretical 
formule, correctly interpreted, are exactly “confirmed, 
and also that the experimental results allow of deter- 
nfining very closely the mechanical equivalent of the 
heat unit, 
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Befere describing the method employed, I will out- 
line the theory of the phenomenon. . 
2. Theory.—The flow of elastic fluids through noz- 
gles differs considerably from the flow of liquids as 
soon as the ‘Tatio of the pressure in the exhgust to the 


initial pressure £ becomes appreciably less than unity. 
If ut any point in a nozzle 
S be the area of the nozzle, 
eV’ the velocity of the fluid, 
@ the volume of discharge, 
W the weight discharged, . 
D the mean density of the fluid in the state in 
which it exists, ie., homogeneous or heterogeneous, 
while passing the section S, then the volume of the 
discharge Q is at once given by Q=VS, and the weight 
of the discharge is equal to DQ and is related to the 
section S and the velocity V by the following formula: 


W=DVS....... (QM) 


Jf D is constant, as in the ease of liquids, the section 8 
is inversely proportional to the velocity V, and con- 
sequently V always increases as S decreases, but this 
is no longer true in the ease of elastic fluids. As the 
pressure falls the density decreases proportionally, 
while the velocity increases in such a manner that 
the product DV first increases, reaches a ‘maximufh, i 
and then decreases. In the case of gases the maxi- 
mum occurs for a ratio of the pressures equal to 0.52, 
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and for steam when the ratio is in the neighbgrhood 
of 0.58 whatever the initial pressure may be.t The” 
calculation of this maximum will be given later. It 
follows that when the exhaust pressure is lower than 
0.58P the, discharge nozzle, at first conve?gent, should 
then diverge, if it is desired that the steam shall con- 
tinue to expand so as to reach the speed correspond- 
ing to the fall of pressure from P to p; and the ratio 
of the final section of the nozzle S, to the section at 
the throat S should vary with the ratio of the pres- 
sures, At the throat the pressure is always equtl to 
0.58P, and the velocity, which dependseon P only, is 
the same as sound would have in thee fluid in the state 
in which it exists at that point of the nozzle, as has 
been shown by Hugonoit (Comptes Rendus de ]’Acadé- 
mie (les Sciences, vol. 103). 

With a given nozzle, if the pressure p into which 
the steam is discharged is lower than the value p, 


corresponding to the ratio & of the sections of the 
mouth and the throat of the nozzle, the pressure of 
the steam at the mouth of the nozzle will not be p, but 
py Which is in a fixed ratio to the initial pressure P. 
At the moment of leaving the nozzle, the steam en- 
tering suddenly into a space where the pressure is lower 
than in the mouth of the nozzle immediately expands 





1The value of this ratio which makes DV a maximum 
appears, however, to depend a little on the valuc of P in the 
ease of steam, 


» 
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and the jet takes a paraboloid form. The enlargement 
df the jet ceases when the back pressure reaches the 
value p,. * 

The discharge is independent of the back pressure 
when that is Jess than 0.58P. On the contrary, when 
-p is larger than 0.58P the discharge depends both 
on P and p. It is necessary to distinguish two very 
different cases, therefore’ in the ‘first the calculation 
of the discharge depends only on P and the formula 
is simple; in the second it depends both on P and 
on p. ¢ 

For both cages, however; it is the most contracted 
section of the nozzle (the throat if it is convergent- 
divergent, or the mouth if it is simply: convergent), 
which enters into the calculation of the discharge. 

The above is only applicable, strictly speaking, to 
nozzles properly so called. In the case of orifices in 
thin plates the coefficient of contraction K, which 
varies with the ratio 5 of the pressures, complicates 
the phenomenon. We shall see later on the experi- 
mental values that were obtained for this coefficient. 

3- Equation of Velocity—The velocity V of ‘ the 
steam can be calculated by two different methods, 
either by the ordinary mechanical method having 
‘given the relations betwcen the specific volume s and 
the pressure p, or by thermodynamics having given 
the thermal constants of the steam, which can be* 
obtained from Regnault’s steam tables. 

The first method results in the general formula, usu- 
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ally credited to Weisbach, but already pointed out 
by Wantzel and Saint Venant in 1839, 


y? fe 
ag Pia as tore ee (2) 


wh'ch can be integrated when the relation between 
v and p is known. * ; 

It is always assumed that in the flow of steam through 
nozzles the expansion is adiabatic because the steam 
remains so short a time in the nozzle, some 0.0004 of 
a second, that it cannot give up or receive an appreci- 
able quantity of heat. Now in the case of adiabatic 
expansion of initially saturated steam Zeuner has 
shown ' that within large limits of pressure we have 
approximately 


pv =constant, . . . . « (8) 
e ° 

as in the case of gases, but with 7=1.035 instead. of 
1.41. Putting the value of v calculated by this equa- 
tion in the preceding equation, V is obtained as a 
function of P and p. Then from Zeuner’s empirical 
formula D=0.587P°, which gives the density of 
steam ag a function of its pressure, we have the fol- 
lowing formula for the discharge when P=0.58P: 


. W=15.26P°", . . . . . (4) 





1Mechanical Theory of Heat, 
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W being the weight of- steam discharged in grammes 
per second .per square centimetre of orifice.t 

This formula was given by Dr. Grashof (Theore- 
tische’ Maschinenlchre, Vol. I, m1). 

By the sécond method, developed by Zeuner, the — 


7 @ 
kinetic energy 5 of unit weight of the fluid should be 


equal to the energy represented. by the entropy dia- 
gram when the expansion is adiabatic from P to p. 
Putting 7, the temperature of saturated steam 
corrésponding to P, T, that corresponding to p, in 
the entropy®diagram (Fig. 1), with entropy ¢ as 
abscissre and ab§olute temperature 7 as ordinates, AB 
and DF are.the isothermals at the temperatures T, 
and T,. AD is the curve of entropy for water, and 
_EF that for saturated steam. Let B be the point 
corresponding to the state of the steam as it enters 
the nozzle, Now the relative weights of liquid and 
vapor in the mixture represented by the point B are 
proportional to the lengths BE and BA. (We are 
here supposing for the sake of greater generality that 
the fluid is not initially in the state of saturated steam.) 
BC is the line representing the expansion of steam in 
the nozzle. If the expansion is adiabatic, BC is a 





° 
‘In English units this formula becomes 


W=~0.0165P**”, 
where W = pounds discharged per square inch of orifice per 
second and P # absolute pressure in pounds per square inch. 
—TRAna, 
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straight line parallel to the axis of tempergtures. 
The total mechanical energy developed by the fluid” 
during its complete expansion from the préessure P to 

the pressure p is represented on the diagram by the 
area of the trapezium ABCD. This area*is given by 











o 
Fie. 1. 
the simple"expression @L, in which @ is its height’ (that 
is to say, the fall of temperature from 7, to T,) and . 
L its mean length MN. ; 

When the fall of temperature is small this mean 
length L can be taken in practice equal to the mean 
of the two bases AB and CD; but if the exaet formula 
is required, the trapezium, must be divided into the 
rectangle ABCG, equal to GAB, and the tHangle with 
curvilinear hypotenuse AGD. If the steam is initially 


saturated, AB is equal to e r being the heat of va- 
0 ° 


porization of the water at the temperature T.. 
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Inteodueing Z, the mechanical equivalent of heat, 
the formula for the velocity becomes 


V?=2gHOL,. . . - ~. + @) 
“and if the steam is initially saturated, we may write 
r CO A 
vim2gh (t+ 5m) eee (:)) 
C baing the specific heat of the liquid and T being 


nearly the atithmetic méan of the extreme 





T.+T, 
2 


temperatures. 

This is the simplest form of the equation by which 
the velocity of the flow of steam can be calculated. 
It supposes 2 knowledge first of the temperatures cor- 
responding to the pressures; second, the heat of vapor- 
inatign of the liquid; third, the specific heat of the 
Viquid. These values are given for water by Regnault’s 
tables with an approximation more than sufficient 
in practice. 

4. Calculation of the Weight of Discharge.—In order 
to calculate the weight of discharge, the velocity of 
flow, the density of the steam at the section of the 

_ nozzle under consideration,eand the quantity of liquid 
formed during the adiabatic expansion must be ascer- 
tained. This liquid is entrained in the steam and 
probably makes with it a homogeneous mixture. 

The density can be obtained from Regnault’s tables 
by means of Clapeyron’s formula. It has already been 
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calculated and is generally found in a supplementary 
column added to Regnault’s tables. . 

The quantity of liquid formed can be calculated 
from’ the entropy diagram, or can be taken from a 
‘chart, as I.ave shown in my Rapport sur fes Turbines 
& Vapeur.t The proportion of water thus obtained is” 
1—2, where x is the quality of the steam. : 

Neglecting the specific volume of the liquid com- 
. pared with that of the steam (which is many hundred 
times larger), we have for the weight of discharge 


DEV 


2 





Conversely, being given a weight W of steam discharged 
by a nozzle, we can calculate by this formula the area 
necessary when the pressure has any given value p. 
An example of this calculation will be given later. 

In the fest place, however, it should be noted that 
the two methods employed in calculating the velocity 
and weight of discharge while differing in form are 
really identical, because it was from Regnault’s tables 
that Zeuner deduced his empirical formula connecting 
the pressure and specific volume of a mixture of steam 
and water during an adiabatic expansion, so that both 
methods are based finall¥ upon Regnauit’s tables; 
that is to say, on the experimental data of thermody- 
namics. 





1Memoir presented to the Congrés International de Méca- 
nique, 1900. Rev. de Mécanique, August 1900. 


10 FLOW OF STEAM 


3. Profile of Nozzles for Steam.—In the following 
table is given the calculation of the velocity of flow of 
initially saturated steam from an initial pressure P= 10 
kilogrammes per square centimetre. 

The first column of this table gives the pressure p 
at which the speed is to be calculated. oe 

The second column gives the fall of témperature 4; 
that is to say, the difference of the temperatures cor- 
responding to the pressures P and p. 


The third column gives the value of 1; that is to say, 
® 


r 6 ae 6 
yop where ’=T-5. 


2 


The fourth column gives the velocity of flow V in metres 
per second calculated from the preceding formula (6). 

In the fifth column the density corresponding to 
the pressure p is given. 

The sixth column contains the product DV. 

In the seventh column is given the preportion of 
steam remaining when the mixture has expanded adia- 
batically to the pressure p. The fraction x is caleu- 
lated by means of the entropy diagram or by Zeuner’s 
formula r, 

My Toko 
OT, ~ Clog 7 


In the eighth column the quotient x by DY is written, 
or rather, to avoid a number of zeros, 1000 times this 
quotient, 


1000 => fie 


ETC, 


eS, 
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~The sections of a nozzle required to discharge a pre- 


determined weight of steam will be proportional to 
this quantity. To obtain the absolute values, the 
actual discharge of steam must be known. 
Examinirig the numbers in this column it will be 
noted that the areas decrease until p is equal to 0.58P, 
and then increase indefinitely. In order to determine 
as exactly as possible the position of this minimum, we 
have made the intervals of pressure p in the neighbor- 
hood of the value 0.58P much smaller. By tracing 
the curve of the quantity 1000 BY as a function of the 
pressure p, the position and the value of this minimum 


are determined with an ‘approximation as close as is * 


permitted by Regnault’s tables. 

I have made this calculation for the discharge from a 
number of initial pressures, and can state that the posi- 
tion of the minimum varies slightly with oe pressure 
P around the value 0.58P. 


Taking the square root of the quantity 1000 Pig and 


forming the ratio of this square root to its smallest 
value, we obtain a quantity which we may call R, which 
will be proportional to the diameters or radii of a noz- 
ale of cireular cross-section of proper shape to discharge 
the steam. The values of R are written in the last 
column of the table. Plotting as abscisse either p or 
some function of p, for example log p, and as ordinates 
the value of R, we can represent the longitudinal pro- 
file of nozzles for the flow of steam. Fig. 2 gives this 
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curve by which the nozzles of steam turbines can be, 
ealeulated rapidly for each particular case. 

This curve is utilized in the following manner. Hav- z 
ing the initial pressure P and the final pressure p to 
which the steam is required to expand, wé take from 
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the curve the ordinate corresponding to the abscissa in- 


dicated by «the value of the ratio f. This ordinate is 


then the radius of the final section of the nozzle, the 
section at the throat having the minimum ordinate of 
the curve as its radius. 

It is true the curve will be slightly different for differ- 
ent initial pressures, but for the needs of practice the 
variation can be neglected., 

6. Practical Formula for Discharge._When the nozzle 
is convergent and the final pressure p is less than 0.58P 
the discharge depends only on P, because then the pres- 
sure p at the mouth of the nozzle is always equal to 
0.58P. Calculating the discharge W per unit area of 
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“the mouth of the nozzle, or calculating the ratio us 
which varies little, we find results such as are indicated 
in the following table. 


& 


Table of the Theoretical Values of g fs 











Fi] ae ei peel Mee || Be 
T  2T-86 | 10x rs 
kg/cm? | kg/cm? degrees m/sec | kg/t 
10 5.8 |22.258] 1.0875 |449.193. S00. 9650)142 .30)14.23 


5 2 9 '19.337| 1.2028 439.85 1.5950|0.9650| 72.70)14.54 
2 | 1.16 |16.310] 1.3530 [428.42 0.673810 .9670) 29.85)14 .92 
1 | 0.58 i 459] 1.4639 A208 0: 8B0TI0: 2687 15.19/15.19 


The theoretical formula F-15.20-0.96 log P gives the same figures 


in the last volume to within about unity in the last order 


In order to ascertain the relation between the value of 
this ratio and the pressure we may plot as abscisse, not 
lengths proportional to P, but lengths proportional to log. 


P, and as ordinates the values of the ration obtained 


from Regnault’s tables. The points thus obtained 
range themselves almost exactly on a straight line from 
the value P=1 kilogramme per centimetre to P=13 
kilogrammes per square centimetre. The digressions 
do not exceed one-tenth of one per cent, as will be seen 
by the curve on Plate II. where the points calculated 
from theory are marked by dots surrounded by circles. 
We can then write the following very simple empirical 
formula: 


W 
pa blog P. eee a See (7) 


r 
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a and b being two constants for which the best values . 
are a= 15.20 and b=0.96, the discharge being given as 
before in grammes per second per square centimetre 
of the mouth of the nozzle. ; 
~ This formyla can also be replaced by thé following, 


to which it is practically equivalent in practice G being 
small): . 


W=aP'—" tog 6, . done wer heA(8) 


e being the base of the natural logs, or in figures 
W=15.20P"%, |.) 


This is the form in which the formula is given by Gras- 
hof. (Grashof’s formula is W=15.26P°%725 when the 
coefficient of discharge is equal to unity.*) 

In. practice the first form is the most convenient and 
is the one I have recommended. 

We will see that our experiments lead to slightly 
increasing the coefficient 15.20 and bring it to exactly 
the value 15.26 adopted by Grashof. 


EXPERIMENTS, 


7. Previous Experiments.*-Previous to the work 
which I now publish and of which the complete re- 





‘In certain German works a formula is given as Grashof’s 
in which the coefficient is a little smaller than 15.26 (by about 
1%) in order to allow for the contraction of the jet. 
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-sults*are given, we possessed several series of experi- 
ments on the flow of steam; especially in France those 
of Minary and Résal in 1861;+ and more recently 
those of M. H. Parenty in 1891; in America those of 
Napier in“1866°; then those of Peabody and Kun-" 
hard in 1888 and 1890,“ and Miller and Read in 1895 °; 
in England the experiments made quite recently by 
Rosenhain in 1899.° All these authors have used the 
same method, consisting in condensing the steam after 
it has passed through the nozzle under test in a surface 
condenser, and then weighing the water thus condensed 
during a certain lapse of time. 

This method, which may be called the direct method, 
presents many inconveniences, however. 

Firstly: One cannot operate on large nozzles without 
difficulty because a very large condenser is necessary 
for the experiments, and it is desirable to employ large 
nogzles—first, because then we approach the condi- 
tions of practice, and, second, the effect of friction 
and the thermal influence of the walls are reduced. 

Secondly: The duration of a series of experiments is 
unavoidably Jong, since for each measurement it is 
necessary to wait until a considerable quantity of water 





1 Annales des Mines, 5th série, Vol. IX. 

2 Annales de Chimie et de Physique, May 1896. 

3 On the Velocity of Steam and Other Gases. Spon, 1896. 
4 American Society of Mech. Eng., 1890. 

5 Technology Quarterly of Boston, 1895, Vol. VIIL 

* Experiments on Steam-jets (Pro. of Civil Eng., 1900). 
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has been condensed, which involves cach trial,lasting 
ten to fifteen minutes. 

Thirdly: The method is not very precise because of 
the incessant variation of the steam-pressure. It is 
very difficult, in fact, to maintain the pressure of a 
boiler practically constant during some ten minutes, 
and the variations are reproduced at the nozzle. This 
involves taking averages, which complicates the experi- 
ment and renders it less precise. 

Fourthly and finally: The entrained moisture is 
weighed in addition to the steam discharged, and con- 
sequently the measurement is falsified bysa correspond- 
ing quantity nearly equal to the proportion of water, 
so that results obtained by this method are generally 
too large. For example, on the diagram in Plate II 
some of Résal’s results are plotted (by triangles), and 
it will be seen that they are about 3 per cent too 
high. Those of Rosenhain and other authors give 
similar results. : 

8. Actual Experiments.—To avoid these sources of error 
all readings should be completed in a very short interval 
of time, as soon as the steady state of flow is properly 
established. The experiments can then be made rapidly 
and precisely. I achieved this result by the application ¢ 
of a new and indirect method consisting in condensing 
the steam discharged by the nozzle in a current of 
very cold water and at the same instant measuring the 
total discharge of water and the rise in its temperature. 
This method is founded on the usc of an ejector con- 
denser. The total quantity of water flowing after con- 
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densing the steam was ascertained by discharging the 
water through a conical nozzle under a head which 
could be ac -curbbely measured. Knowing the total 
quantity discharged Q and the rise of temperature, the 
weight: of steam discharged X is deduced from the 
specific heat C and the total heat of formation of steam 
Aby the formula 


C0 
X05 > Loe ee + (10) 


t, being the initial temperature of the water. 

The advantages of this method are evident. The 
duration of each individual test did not exceed two to 
three minutes, The steady state was established in 
about a minute, and when all the instruments had 
reached a stable condition the reading of their indica- 
tions was made in a few seconds. The conditions of 
pressure were then changed, and so on, The accuracy 
of the experiments I estimate as follows: 7 

g. Estimation of the Precision of the Measurements. 
—The increase of temperature was on the average 
about 20° C., and the measurement of each of the initial 
and final temperatures in ‘the ejector condenser were 
made to within one twentieth of a degree, which gave 
a mean error of 1 in 400. .As 1 shall show later, how- 
ever, a cause of error was always present which was 
quite important; namely, the displacement of the zero 
of the thermometer on the discharge side of the con- 
denser during the course of the measurements. This 
displacement reached about two tenths of a degree,” 

> 
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being nearly 1 per cent, or one half of 1 per centpabove 
or below the mean. The initial and final pressures were 
obtained by different gauges. At firs? metallic gauges 
were used and afterwards a mereury manometer pro- 
vided with, three-way cocks which alléwed of the 
branches being placed in communication either with 
the atmosphere or with the interior of the pipes, when 
the pressure or the difference of pressures did not 
exceed 1 kilogramme per square centimetre. I was 
thus able to measure by this mercurial manometer 
either the initial or final pressures or their difference. 
The ‘principal reading, that-of the initidl pressure P, 
was ordinarily made by means of ‘a large Bourdon 
gauge especially constructed for my experiments and 
reading to $y of a kilogramme, which for 5 kilo- 
grammes mean pressure corresponds to a mean ap- 
proximation of 0.2 per cent. The mean head H on 
the nozzle for measuring the water discharged was 
about 450° millimetres. As the error of reading was 
less than 4 millimetre, the error in calculating the 
discharge could not exceed an average of one in 1800. 
The coefficient of discharge of the nozzle was pre- 
viously tested. The error which could enter into 
this determination, which will be described later on, 
was a few thousandths at the most. 

The diameter of the steam-nozzles was obtained with 
great precision by means of mandrels calibrated to +$y 
of a millimetre. As the mean diameter was 15 milli- 
metres, the error in the diameter could attain 1 in 1500, 
or in the area 1 in 750. 
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A cause of error which was very difficult to eliminate 
was the expansion of the nozzles while the steam was 
passing through them. While the coefficient of expan- 
sion of the bronze was known to be 1 in 600, the tem- 
perature at the end of the nozzle could not be ascer- 
tained exactly, but it could be estimated “certainly to 
within 40 degrees, and this was sufficiently close, be- 
cause the resulting error was then less than 1 in 1500 
in the diameter, or 1 in 750 in the area. 

To sum up, then, all the individual errors of the 
different readings, that due to the displacement of the 
zero of the tlermometer at the discharge excepted, are 
of the order of ofe to three one-thousandths. Added 
together they would give a total accidental error in the 
calculated results exceeding 1 per cent, but taking one 
with another, the mean error would be probably not 
more than a few thousandths. 

Two sources of error must be examined which are 
inseparable from the method adopted: firstly, the 
entrained moisture, and, secondly, the effect of radia- 
tion from the apparatus. : 

Regarding the entrained water it should be remarked 
that our method avoided this cause of error as far as 
possible. Because if there were, for example, 1 per 
cent of entrained moisture, this quantity would tend 

_ to reduce slightly the velocity of discharge of the steam 
passing through the orifice, and consequently to dimin- 
ish the total quantity flowing per second. But, on the 
other hand, some of the heat contained in this water 
will be given up to the water leaving the condenser 
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and replace part of the heat lost by the reductionof the 
flow of steam; so that, finally, if the calculation be 
made, it is found that the actual deficit of heat will 
be only about half that corresponding to the propor- 
tion of water. This method, then, even if it does not 
eliminate the influence of the entrained water com- 
pletely, reduces that influence by one half; and further, 
the error is in the opposite direction to that produced 
in the surface-condenser method. In place of adding 
to the discharge it decreases it. 

But I arranged to avoid entrained moisture as far 
as possible, and also to medsure its amount. A sepa- | 
rator was placed in the steam-supply pipe just before 
the nozzle, and between this separator and the nozzle 
a sample of the steam was taken which was analyzed 
in an apparatus especially designed for this object, 
which permitted the moisture in the steam to be meas- 
ured. Jn practice I never had more than two to three 
one-thousandths of water in the steam after passing the 
separator, so that the error in the measurements caused 
by the entrainment of water should be less than fifteen 
ten-thousandths. 

As to the effect of radiation, though the apparatus 
was not lagged, this was relatively very small because 
of the large discharge of steam. In order to ascertain 
the importance of the loss of heat by radiation, I passed 
asmall current of steam at atmospheric pressure through 
the apparatus and weighed the water condensed by 
the cooling action of the walls. The quantity thus 
obtained was 2.3 kilogrammes per hour. As the mean 
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temperature of the parts exposed to radiation between 
the steam-nozzle. and the discharge thermometer was 
generally much less than 100° C. during the experi- 
ments, it may be admitted that the radiation was less 
than 0.6 kifogrammes per hour, while the discharge 
was on the average 500 kflogrammies, or a loss of twelve 
ten-thousandths at the most. Finally, “it may be 
observed also that the influence of radiation has the 
sume effect as the entrained moisture and could cause 
only a deficit in the calculated quantity of steam, 
while we shall see that the experimental results give 
somewhat lafger figures for the discharge than those 
calculated theoretically from Regnault’s tables. 

A difficulty arose in measuring the water discharged 
on account of the air contained in it. This air, at first 
dissolved in the water, is set free under the influence 
of the vacuum in the condenser and remains in this 
state up to the nozzle used for measuring the water, 
so that if precautions were not taken the’ discharge 
from this nozzle would be a mixture of water and air. 
Under these conditions measurements of the quantity 
of water discharged would have been erroneous. This 
difficulty was overcome as shown in Plate I by arrang- 
ing a separator in the tank below the water-nozzle by 
means of which the air wag disengaged and carried to 
the upper portion of the tank, where it was discharged 
through a small nozzle three millimetres in diameter, 
which permitted of its being measureW. The water 
discharged by the principal nozzle was then quite clear 
and free from air. 
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io, Arrangement of the Apparatus. — The experi- 
ments were made during the winter of 1895-96 at St. 
Etienne, in the factory of Bietrix & Company, who 
obligingly placed at my disposal a boiler capable of 
giving 1000 kilogrammes of steam per hor at a pres- 
sure of 15 kilogrammes per'square centimetre. The 
experiments were made in winter so as to be able to 
use cold water at a temperature of about 6° C. and ob- 
tain a rise of 40° to 50°C. 

Three convergent nozzles were tested successively, 

_ then an orifice in a thin plate; finally we tested a con- 
vergent-divergent nozzle. ‘Fhe convergent nozzles are 
shown in Plate II. They had a final“diameter of 10.49 
millimetres, 16 millimetres, and 24.20 millimetres respect- 
ively. The thin-plate orifice, also shown in Plate II, 
had a diameter of 20.12 millimetres. 

In order to make all the necessary readings the 
arrangement of apparatus was somewhat complicated. 
It is represented in perspective at the left and diagram- 
matically at the right of Plate I. 

T is the nozzle under test arranged in the joint J be- 
tween the steam-supply pipe N and the exhaust-pipe B. 

The supply-pipe NV had an inside diameter of 60 
millimetres. The exhaust-pipe D (inside diameter 120 
millimetres) was fitted with a plate p forming a screen 
for the current of steam leaving the nozzle so as to 
break up the jet. 

A is the ejector condenser. The condensing water 
enters by the pipe C and leaves by the pipe D. 

8 is the water-nozzle of the condenser. The distance 
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betwetn it and the throat of the condenser eould be 
varied by the handle gy. By means of this nozzle the 
current of steam entering the condenser could be throt- 
tled. 

K is a eéck on the steam-supply pipe pperated by 
the handle 18. This coék enabled the injtial pressure 
at the nozzle to be varied at will, while the back pres- 
sure could be varied similarly by the condenser-nozzle 
8. 

J is a centrifugal separator. The separated water 
is discharged by the cock 1 and the pipe 2. 

Lis the apparatus for nfeasuring the moisture remain- 
ing in the steam. The description of this apparatus 
is given in Annales des Mines.’ Tt is composed of a 
coil 4 heated by a flame 5, and a combining-chamber 6. 
The sample of steam obtained by the cock 3 is separated 
into two equal portions. One half goes directly to 
the combining-chamber, while the other is superheated 
in the coil 4. The mixture is discharged by the regulat- 
ing angle-valve 9. 

The superheat in the half passing through the coil 4 
is measured by the thermometer #,, and the superheat 
of the mixture by the thermometer {,. The pressure in 
the chamber is observed by the gauge M;. The moist- 
ure in the steam is obtained from the readings of these 
two thermometers and the gauge. 

FE. is a sheet-iron tank in which the air is separated 





1A, Rateau. Appareils servant A mesurer Vhumidité dune 
vapeur. Annales des Mines, April 1897. 
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from the hot water leaving the condenser. This tank 
is divided about the middle by a semicircular baffle 13 
under which the air collects. The bubbles rise to the 
upper part of the tank by the pipe 14, and the air flows 
into the atmosphere by the small nozzle J. The pres- 
sure of discharge of the air is’measured by the water- 
gauge 19. : 

F is the nozzle for measuring the discharge of water. 
It has a final area of 10.99 square centimetres at 15° C. 
The head under which the flow takes place is measured 
by the water-gauge hh. Adjacent to this gauge is a 
thermometer ¢; by which the’temperature of the gauge 
could be measured and the density Gf the water de- 
duced. 

G is a barrel having a capacity of 350 litres into which 
the water is discharged by the nozzle and serves to 
calibrate the nozzle. The barrel is provided with a 
glass tube KK, allowing the exact level of the water to 
be ascertained. Further, a baffle 17, arranged in the 
are of a circle, receives the jet of water in a thin film so 
that it falls into the barrel without shock and without 
disturbing the surface of the water. 

M,, M,, M, are the pressure-gauges for measuring 
the initial and final pressures at the steam-nozzle 7. 

The mercury manometer is shown at cd. One of the 
branches ¢ communicates with either the high-pressure 
side of the nozzle or the atmosphere by means of the 
three-way cock 11; the other branch d communicates 
with either the atmosphere or with the discharge side 
of the nozzle by the three-way cock 10. By means 
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of these three-way cocks the initial or final pressures 
or the difference between them could be measured as 
the case required. In addition the barometric height 
and the temperature of the surrounding air were care- 
fully obserted so as to obtain the absolute value of 
the readings of the manometer. ; 

The temperatures ¢, and ¢, of the current of water before 
and after passing through the condenser were measured 
by the thermometers e and /. These mercury ther- 
mometers were graduated to twentieths of a degree . 
and were previously compared very carefully with a 
Baudin stafdard thermometer. I also reduced the 
seale to that of the air-thermometer, so that with the 
exception of the displacement of the zero, regarding 
which I will speak immediately, all tempeyatures are 
given to within one twentieth of a degree less, or one 
tenth of a degree more, than the scale of the air-ther- 
mometer. 

11. Remarks.—Some observations are necessary on 
the subject of measuring the principal temperatures 
and pressures. 

The reading of the pressure-gauges presented no 
difficulty, For pressures below 10 kilogrammes per 
square centimetre I employed the standard gauge M,, 
and for pressures above this the standard gauge M,. 
But the management of the mercury manometer offered 
some difficulties. The steam condensed in the tubes 
above the mercury and formed columns of water often 
broken up with air-bubbles, and the reading of the 
manometer had to be corrected for these broken col- 
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umns of water. On account of this the readingseof the 
mercury manometer were not always as exact as I 
could have wished. When the columns of water were 
not discontinuous, as sometimes happened, the eor- 
rection could be made with certainty. , 

The thermometers e and f were plunged in small iro. 
wells penctrating into the interior of the pipes convey- 
ing the water. These thermometer-cups were: filled 
with mercury, so that the transmission of heat was 
very rapid. In fact the reading of the thermometers 
beeame steady in a few seconds. It may be asked 
whether these thermometers really indicated the true 
mean temperatures of the water. In?’ the case of ther- 
mometer e, placed in the current of cold water, there 
can be no doubt that this was so, for the temperature of 
the cold water varied very little. But in the case of 
thermometer /, plunged in a current of water which was 
necessarily but little homogeneous, immediately at the 
outlet from the ejector, this was more doubtful, especfally 
as the temperature of this water varied greatly from. 
one experiment to another. I think, however, that the 
readings of*these temperatures were always very close 
to the true mean, because on putting a thermometer 
into the water at the mouth of the nozzle F, where 
the temperature had evidently become uniform through- 
out the mass of water, I found that this thermometer 
always gave the same reading as thermometer { to 
within one tenth of a degree, sometimes more, some- 
times less. This difference may be attributed to 
the walls of the tank EF not immediately reach- 
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ing their steady temperature after a euanee of con- 
ditions. 

The thermometers used were made of idiiaey glass. 
I had them carefully compared, as I said, with a stand- 
ard Baudin,thermometer to obtain the necessary cor- 
rections, if possible, to one twentieth of one degree. 
Unfortunately I found out too late that I had been 
wrong in not using a good thermometer thade of° 
hard glass for measuring the temperature of the hot 
water. I thought that up to 50°C. the displagement 
of the zero occasioned by the expansion of the ‘glass 
could be neglected. I found that it was not so, how- 
ever. - , 

My first calculations having disclosed an error of 
more than 1 per cent between the experimental results p 
and the theoretical figures, I suspected that the ther 
mometer was incorrect, and standardized it again: de 
novo. I found that its zero was displaced fully two 
tenths of a degree when it was subjected to a tempera- * 
ture of 50°, which was sometimes exceeded in my ex- 
periments, and that the zero returned to its original 
position when cold. This annoying variation in the 
zero was sufficient to render some of my results incor- 
rect by over 1 per cent. 

To reduce this influence to a minimum I ascertained 
the mean position of the zero due to the changes of 
temperature during several successive days. Finding .. 
that this mean differed by 0.15° from that which I had 
first obtained, I corrected all my results by this amount. 
For this reason the chart and the conclusions given 
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here for the formula for the discharge are not identical 
with those in my Rapport sur les Turbines 4 Vapeur 
au Congrés de Mécanique Appliqué, 18 
12. Calibration of the Water-nozzle.—The deter- 
_ mination of the total weight of water disgharged de- 
pends upon ‘the coefficient of .discharge of the water- 
nozzle. Consequently it was necessary to measure this 
coefficient with the utmost possible accuracy at the 
outset. This calibration was repeated several times. 
. The diameter of the mouth of the nozzle was 37:4 
millinietres at 15°C. 

Two glass reference-marks, were fixed ir? the barrel 
into ‘which the water was discharged by the nozzle, 
and the water contained in the barrel between these 
two points was carefully weighed. At an interval of 

“two. months the weights obtained were 278.2 kilo- 
grammes and 278.05 kilogrammes at about 15°C.; so 
that the error to be allowed for in this measurement was 
*fot more than one in two thousand. * 

While the head H measured by the water.gauge hh 
remained quite constant, the time required to fill the 

* barrel betw&en these two marks was noted with a 
good seconds chronometer. To give an idea of the 
approximation obtained I produce below the calibra- 
tion measurements made on the 27th and 30th of Janu- 
ary, 1896. (See the Table below.) 





' This report was drawn up hurriedly a few days before the 
Congress. The portion relating to the flow of steam contains 
some errors which are rectified here. 
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EXAMPLES OF THE CALIBRATION OF THE WATER- 


NOZZLE. 


Diameter of the nozzle 37.4 mm. Contents of tank 278.5 litres. 














r Remora Time Co- 

Temperature | Head, |, Ut | Time to [reduced to: 4c. efficient 

th ‘HH.’ \the Water-, LET: H=478 Averages. | Ornis. 
of the Water. mnanom- ank.|,, Ha? ue rane 
; Millim. Seconds, | Seconds. | Seconds, [ 
wc (29.35°| 549" | 22°C, | 79-0" | 84-6 j 
Ng 25.70 | 560 | 17 79.6 | 86.1 
g2 131.90 | 51 | 17 77.5 | 35.4 | 785.2 | 0.9711 
5” |92'65 | 562 | 18 73.2 | 84.8 |5 
¢, [2 a 19 B47 | 84.7 i 
32 | 30 7 | 23 33.0 | 841.7 
g2}29 |"466 | 16 | -86.0 | 84.9 | (84-75 | 0.9763 
3” (9 451 | 21 87.2 | 84.6 

















As will be seen, the results differ by a few thou- 
sandths. Regarding the management of the chronom- 
eter, it will be understood that it was difficult to 
avoid errors of 4 second which correspond to a relative 
error of three thousandths in a duration of about 80 
seconds. , 

In calculating the discharge, I adopted the mean 
coefficient 0.9750, which is perhaps a little high. It 
is astonishing that the coefficient of discharge reached 
a value so close to unity; but that was the result of 
the experiments, and it wag necessary to take the coeffi ' 


- cient obtained. 


[ regret very much that I did not replace the 350- 
litre barrel by a much larger tank, say of 3 or 4 cubic 
metres capacity, so that the discharge could have been 
measured for some ten minutes. I would then have 
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obtained an approximation certainly to one one-thou- 
sandth. : 

13. Results of the Experiments——Thred convergent 
nozzles were tested successively, and then an orifice in 
a thin plate. The nozzles and the orifice, which were 
of bronze, are represented tor scale in Plate II. The 
convergent nozzles had, as I have already said, a diam- 
eter at the mouth of 10.49 millimetres, 15.19 milli- 
metres, and 24.20 millimetres, respectively, at 15° C. 
The thin-plate orifice had a diameter of 20.12 milli- 
metres at 15°C. These diameters were measured with 
great precision to 0.01 millimetre, and the“orifices were 
previously corrected by passing calibrated mandrels 
through them so as to render them as perfectly circular 
as possible. 

The results of the experiments and the calculations are 
given in the tables attached to this paper. The ex- 
periments are numbered 1 to 152; eleven have not been 
transcribed because they appear to me to contain Very 
large accidental errors. These are numbered 9, 38, 56, 
57, 58, 61, $2, 83, 84, 91, and 92; number 47 may also 
be omitted. 

The first column of the tables gives the number of 
the experiment. Columns 2 and 3 are the absolute 
initial and back pressures.« These figures are corrected 
from the observed readings and represent the true 
values. . For example, a small quantity, about 0.01 
kilogramme, due to the velocity of the steam in the 
supply-pipe, has been added to the initial pressure as 
indicated by the gauge. The gauge reading is due to 
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the static pressure only, while the true initial pressure 
on the nozzle is the sum of the dynamic pressure and the: 
static pressure. 

Column 5 gives the head H on the axis of the water- 
nozzle,’ and. the figures correspond to the temperature 
of the water flowing through the nozzle. 

Columns 6 and 7 indicate the , temperatures ft and 
t, before and after the ejector condenser. As 1 have 
explained above, these are reduced to the readings of 
the air-thermometer. The difference between these 
figures gives the rise in temperature t,—f, of the water 
(column, 8).* . 

The volume of water discharged was obtained by - 
the formula 


Q=KSV2gH, » . 2 es AD 


where Q=cubic centimetres per second, 
S=area of the nozzle in square centimetres, 
K=coefficient of discharge =0.975, 
H=head in centimetres. 

The area S of the nozzle is corrected fox expansion 
at the temperature of the current of hot water. The 
weight discharged in kilogrammes per second is written 
in column 9. 

The quantity of steam fiowing per second is then 
calculated by means of the total discharge of water 
and from the temperatures ¢, and é, Calling 4 the 
total heat of the steam above 0°C., and C the mean 





1 This was a brass nozzle. 
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specific heat of the water between the temperatures 
fy and t,, X the weight of steam discharged per second 
by the nozale, and @Q—X the quantity of injection water 
supplied to the condenser, the water resulting from 
the condensation of the steam being at the tempera- 
ture t,, thén the quantity ef heat given up by the 
steam? H =X(-Ch), while the quantity of water 
Q-X is heated from ¢, tot, and absorbs (Q— X)C(t,— 6) 
heat units, We have then the following equation: 
X(A- Ct.) =(Q-X)C(t,~t), 
whence 
CO : 

X=O Gi, eee ew (12) 
where 6=t,-t,. 

The quantity of heat 2 is given by the formula or 
by Regnault’s Tables, and the specific heat C’ of the 
water is given by the well-known expression 

? 
10° ° 

The steam discharged, calculated in this manner, 
expressed ig grammes per second, is given in column 10 
of the tables, 

Dividing by the area of the nozzle, we have the dis~ 
charge per square centimetre in column 11. 


rN 

* During the expansion of the steam in the nozzle a certain 

quantity of heat is transformed into mechanical energy, but 

this quantity is immediately and entirely given back again 

by the destruction of the kinetic energy of the ject, so that 

it is quite correct to take X(A—€t) as the quantity of heat 
given up by the steam, 


t 
C=1 +045 53— 0.9 
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A remark is necessary here. What value should be 
taken for the area of a nozzle? The diamcter I have 
given is measured cold (15° C.), while under the action 
of the current of steam the nozzle becomes heated and 
expands. It is impossible to know exactly what to 
take for the temperature of the walls, becafise the cur- 
rent of steam has a varying pressure and also a-varying 
temperature during its passage ‘through the nozzle; 
and further, the walls are subjected to different tem- 
peratures at different points.” It seems to me to be 
useless to try to calculate the true temperature of 
the nozzle ivy each experiment. 

I adopted finally a mean temperature of 120° C. and 
based the calculations on the diameters corresponding 
to this temperature. This is one of the difficulties of 
these researches on the flow of steam and also on the 
flow of gases. To eliminate this cause of error entirely, 
it would be advantageous to employ metals having a 
very small coefficient of expansion, such as the new 
alloys of iron and nickel. When my experiments were 
made, however, these alloys were not yet known. It 
is unnecessary to give too much importance to this 
cause of error. The -variation of temperature of the 
nozzle did not differ by more than about 40°C. from 
the mean temperature adopted (120° C.), and for bronze 
40° corresponds to a linear expansion of one in fifteen 
hundred, so that the error in the area did not exceed t 
in 750, or but little more than one tenth of one per cent. 

Finally, the last column of the table gives the ratio 
of the discharge of steam JV to the initial pressure P 
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when p is less than 0.58P; or the ratio of the gctual 
(lischarge W to the maximum discharge W,, when the 


ratio £ is greater than 0.58. These two cases are 


always distinguished in the tables, because in the first 
case the discharge depends on, the initial pressure P 
which is constant (as is p), while in the second case it 
depends on the back pressure also. 

We will now examine the results of the experiments 
and compare them with those given by theory. 


. W 2 
14. Convergent Nozzles.-The ratio ‘p aries but 


slightly. It oscillates about the vahte 15. A very. 
clear chart can be made by plotting as ordinates the 
value of this ratio, as is done on Plate II, where I haye 
taken as abscissw the logarithm of the initial presse. 
This graphic representation is very satisfactory because 
the origin of the coordinates is a long way off the 
paper, so that variations of only 1 per cent correspond 
to ‘a relatively large height. To give an idea of the 
amplification of the ordinates, I have drawn the lines 
ab and a’b’ corresponding to a difference of 1 per cent 
above and below the theoretical line AB. It will be 
seen that the majority of the points lie above the 
theoretic line AB. Only a few points are more than 
<2 per cent away from this line. If the mean distance 
of the experimental points from the theoretical curve 
be taken for each nozzle, the following results are 
found: 

For the nozzle 10.49 millimetres diameter (21 
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expefiments) the mean departure is 1.17 pér cent 
high. 

For the nozzle 15.19 millimetres diameter (19 ex- 
periments) the mean departure is 0.69 per cont high. 

For the- nozzle 24.20 millimetres diameter (19 ex- 
periments) the mean departure is 0.25 per cent high. 

These are very small differences and clearly show the | 
satisfactory agreefnent between the experiments and 
theory. . 

Tf the curve for the mean results of the experiments 
be plotted, it will be seen that it follows the direction of 
the theoretical curve closely, but is a few thousandths 
above it. This” difference between experiment and 
theory can be accounted for by several causes. 

First of all, in the theoretical calculations I have 
taken the mechanical equivalent of the calorie as 425. 
This is a little low, as is now recognized. Now Et enters 
into the expression for the speed of the steam. If 428 
be" taken instead of 425, the figures for the theoretical 
discharge will be increased by 0.35 per cent, and the 
mean difference between experiment and theory will 
not be more than 0.35 per cent. 

Further, we have seen that the calibration of the 
water-nozzle was not as accurate as could have been 
wished; perhaps a certairt error is to be feared there. 
I do not believe that it exceeds 0.3 per cent. 

Finally there was a displacement of the zero of the 
thermometer measuring the temperature of the hot 
water. This is certainly the most important source of 
error, I stated above that I was led to modify the 
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first standardization by 0.15° after having caréfully 
observed the variations of the thermometer. Never- 
theless it may be that the mean position of the zero dur- 
ing the experiments was slightly different from that 
which I finally adopted. An error of lesse than one 
tenth of a degree would be stfficient to account for 
the remaining error of .0.35 per cent. 

I have indicated on the chart the points correspond- 
ing to the old experiments by Minary and Résal. These 
points are surrounded by a triangle; one of them has 
not been plotted, as it is outside the limits of the figure. 
It appears that these experiments gave very much 
larger results than ours, which is explained, as I have 
already remarked, by the method employed not al- 
lowing of a correction being made for the effect of the 
entrained moisture. The error reaches 5.2 per cent 
and averages 2.5 per cent. 

Similarly Rosenhain’s experiments on nozzle No. at 
give an error reaching 3 to 4 per cent. 

We shall see shortly in analyzing Hirn’s experiments 
on the flow of air that he had the same trouble with 
that fluid. 

Thus there is a satisfactory agreement between ex- 
periment and theory, but the experimental discharge 
appears to be a little larger than what we should expect 
from theory. 

Should the theoretical formula be followed in practice, 
or should we adopt the coefficients given by the pre- 
ceding experiments? If it be desired to use the theo- 
retical formula, the coefficient must be taken as 15.20 


38 e FLOW OF STEAM 


for B=425, or 15.25 for H=428; and if it be desired 
to follow experiment, a value of 15.32 at most should 
be taken for the coefficient. The practical formula 
then will be 


© 


FF -15.20 to 15.32-0.96 log P, . . (48) 
within the limits of our experiments; that is to say, 
between P=1 and P=12 kg, per square centimetre, 

In my report to the Congrés de Mécanique Appliqué 
I gave 15.42, which resulted from a summary glance 
over the éxperiments, as the first term of the second 
member of this equation, and for the second term 
—log P. At the International Congress in Glasgow I 
suggested the value 15.20 resulting from the theoreti- 
cal formula in which E is taken as 425. These are the 
limiting values of this term. I estimate that the most 
probable actual value is 15.26 with a possible error 
less than 0.4 per cent. This is exactly the coefficient 
in Grashof’s formula which was deduced from theory 
by the first method given on page 15. Grashof’s 
formula, however, gives a too rapid detrease for the 


ratio us as will be seen from the figure on Plate IT, where 


the line CD corresponds to this formula. 

The value of the coefficient of log P is between 0.96 
and unity. At first I always took unity because of 
the simplification which results; nevertheless it is 
better to take 0.96, which is probably more exact be- 
cause it is given by the thermodynamic calculation, 
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15. Remarks.—The agreement between experfment 
and theory to less than 1 per cent leads to the conelu- 
sion that, contrary to the opinion sometimes stated, 
there is no sensible retardation in the condensation of 
the steam. In fact the calculation takes into account 
the condensation during the expansion, and the pro- 
portion of steam condensed when the pressure has 
become equal to 0.58P is about 0.3 ‘to 0.36 per cent, 
depending on the value of P. Now if any retardation 
in the condensation occurred, experiment would reveal 
a deficit amounting to 0.3 per cent to 0.35 per cent in 
the quantity of steam discharged. But in place of 
a deficit, a too high value is always found so that it 
may be concluded that if there is any retardation 
of the condensation it is very small, of the order of 
0.00001 of a second. 

On the other hand it will be seen also that the co- 
efficient of discharge for convergent nozzles of the form 
tested by me is very close to unity for values of p Yess 
than 0.58P, since the experimental discharge is always 
found to be larger than the theoretical. A similar con- 
clusion results from Hirn’s experiments on air. When 
p is greater than 0.58P this is not the case, how- 
ever. : 

Finally, if, conversely, we *suppose @ priort that the 
coefficient of discharge is unity, then the value of £, 
the mechanical equivalent of the calorie which will make 
the experimental discharge equal to the theoretical, 
is found to be 431, which differs by 0.7 per cent only 
from the value 428 generally adopted. 
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16 Experiments with p larger than 0.58P. — When 
> the back pressure is larger than 0.58P the flow depends 
not only ofi the initial pressure P, but also on the back 
pressure p. The results can be best represented by , 
taking the ratio of the actual discharge _ W to the maxi- 
mum discharge Wm, Whieh occurs when the’ ‘back pressure 





is less than 0.58P. This ratio Wy is en practically 


independent of the ratio £ of the pressures. The 


points can be plotted on cross-section paper and the curve 
Wiese , P 
of Ww. ** function of p constructed. 


For the experiments where p was larger than 0.58P 
the tables give, in column 12, the theoretical maximum 
discharge Wm calculated by the formula given above: 


=P(15.26-0.96log P), . . . (14) 


Ww 
and in column 13 the ratio i: 


The results of these experiments have’ been plotted 
in this manner on Plate III, the results for each of the 
three convergent nozzles experimented on being differ- 
ently indicated. . , 

It will be seen that the points fall very well on a 
curve of the elliptic form, as was pointed out by M. H. 
Parenty.t As I have remarked above, the larger de- 





1 Annales de Chimie et de Physique, May 1896. 
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partures from, this curve may be considered as Geing 
due'to the great uncertainty that sometimes occurred 
iri measuring the difference of the pressures by the 
mercury manometer when the column of water sur- 
mounting the column of mercury was interrupted by 
bubbles of air. The standard gauges also gave but a 
poor approximation at, low pressures. It ‘will be no- 
ticed further that the greatest differences occur in the re- 
sults for the largest nozzle 24.20 millimetres in diam- 
eter. The results given by the small nozzle are much 
more regular. 

To compare the results obtained with theory the 
curve AB, based on the thermodynamic calculation, 
has been drawn. This curve is easily obtained by 


Vv 
taking the ratios of the function oy defined on page 9 


to the maximum value of this function. It is simply 
necessary to take the reciprocal of the ratios of the 
numbers in column 8 of the table on page 11 to the 
smallest of these numbers, 0.70276. 

It will be noticed that the experimental curve lies a 
little below the theoretical curve, as would be expected, 
and that it becomes horizontal a little later than the 
theoretical curve, which means that thé maximum 
experimental discharge is note attained until the back 
pressure is lower than 0.58P. By taking the ratio 
between the ordinates of the experimental and theo- 
retical curves the coefficient of discharge for the con- 
verging nozzles is obtained, from which it will be seen 
that this coefficient starts with a value about 0.94 
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when the ratio of the pressures is in the neighborhood 
of unity and gradually increases towards the value 
unity. As the experimental curve and also the theo- 


: é . W 
retical curve are very nearly ellipses, the ratio WwW, * 
© m 


a function of the ratio fi of the pressures can be ex- 


pressed by a very simple formula, but it does not seem 
worth while to go into this 

We shall see that the curves for air are also very 
nearly quadrants of an ellipse. 

17, Orifice in a Thin Plate.—The orifice in a thin 
plate does not behave in the same way as the convergent 
nozzles. The discharge does not reach a maximum for — 
p equal to or a little less than 0.58P, but increases 
constantly as p falls. 

The experimental figures are given in the tables 


WwW 

cither with the ratio po which is better, the ratio 
Ww 3 
Wma 

The results relating to this orifice are also plotted 
graphically on Plate ITI up to the value of - equal to 0.4. 
It will be noticed that the points fall very regularly on a 
curve EF which is always rising. If the ratio between 
the ordinates of this curve to those of the theoretical 
curve AB be taken, it will be seen that the coefficient of 
discharge for the thin-plate orifice starts at a value of 
0.61 for small differences of pressure and increases 
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very regularly to the value 0.87 which is reached for 
very small back pressures. But the curve of this 


coefficient of discharge as a function of the ratio 2 


a) is 
not at all a strajght line. It shows a slight depression 
around 507. On the contrary, if the ratio of the 


ordinates of the cirve for the thin-plate orifice be 
taken to those of the experimental curve CD for con- 
vergent nozzles instead*of to the theoretical curve, it 
is found that the ratio increases in a straight line. On 
Plate III points representing this ratia for certain 


values -of 5 are marked. It will be seen that these 


points be very nearly on a straight line GH, which of 
course is tangent to the thin-plate orifice curve at 
the point A, which is on the ordinate of the point where 
the curve CD becomes horizontal. 


COMPARISON WITH THE’ RESULTS OF HIRN’S EXPERI- 
MENTS ON AIR, 

In 1885,Hirn made some very precise experiments 
on the flow of air through nozzles and orifices’ in thin 
plates. It is interesting to compare his results with 
those of our experiments on steam. Hirn used the dircet 
method. After passing tHrough a holder the air was 
caused to flow into a receptacle in which a vacuum had 
previously been formed. By a certain method of register- 
ing he measured the fall of the holder at equal intervals 
of time, as well as the initial and discharge pressures. 
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On-analyzing his numerical results, given in the 
Annales de Chimie ct de Physique, March 1886, it 
will be noted, first of all, that Hirn did not take 
into account in his calculations the slight contraction 
of the orifice occasioned by the lowering of the tem- 
perature due to the expansion of the air. It is easy 
to make the correction, however. Again, it ‘appears 
to me to be wrong to dry the air after it left the holder 
and before passing the nozzle, because dry air was 
flowing through the nozzle, while the gas-holder meas- 
ured humid air. As the volumetric discharge of gases 
(referred to the initial pressure and temperature) is 
the same for all gases at the same temperature, and 
that of the vapor could not differ very much, it would 
have been better, in my opinion, if he had not dried 
the air. The resulting error would only have been a 
fraction of the proportion of water vapor. What is 
the error to be expected from this cause in Hirn’s 
experiments? At 10°C., the mean temperature during 
the experiments, the vapor pressure of water is 0.0125 
kilogramme per square centimeter, and its density is 
equal to 0.00195. The error due to this cause would 
increase the results by about 2 per cent. Hirn’s ex- 
periments were made on two convergent nozzles, one 
having 9° and the other 33° convergence; also on a 
conico-cylindrical nozzle, and on two thin-plate orifices. 
The experiments on the nozzles clearly showed that 
the discharge becomes a maximum when the back pres- 
sure falls slightly below the theoretical figure for per- 
manent gases (0.526P). Taking the discharge per 
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unit area of the mouth of the orifice, we have the fol- 
lowing figures: 19.80 litres per square centimetre per 
second for the 9° nozzle at the initial temperature of 
15.75° C.; 19.77 litres per square centimetre per second 
for the 13° nozzle sat the temperature of 8° C.; 18.85 litres 
per square centimetre for the conico-cylindrical nozzle 
at the temperature of §.5°C. The theoretical maximum 
discharge for these nozzles, calculated by the formula 
Q=1.1647,, where T' is the absolute initial temperature 
and Q is expressed in litres per square centimetre per 
second, is respectively 19.77, 19.50, and 19.47 litres. 
For the conico-cylindrical- nozzle, then, *the experi- 
mental discharge is less than the théoretical, which is 
to be expected because of the losses by friction in the 
cylindrical part. But for the convergent nozzles the 
experimental discharge is larger than the theoretical 
by about 0.75 per cent on the average. Here we have 
the same results that we have already observed for 
the vapor of water. It should be noted always that this 
exaggeration of the measured discharge could arise, as I 
have explained above, from Hirn’s having dried the air. 
T have plotted on Plate IV the experimental points, 
taking the ratio of the pressures ‘as abscisse and the 
ratio of the observed discharge to the maximum dis- 
charge as ordinates. I have also plotted a few theo- 
retical points. : 
It will be seen that for the nozzle having a converg- 
ence of 13° and for the conico-cylindrical nozzle the 
experimental curve AB is very close to the theoretical 
curve except in the neighborhood of the maximum 


46 FLOW OF STEAM 


dischérge. But for the nozzle with 9° convergence 
the experimental curve CD departs considerably from 
the theoretical curve, particularly towards the origin. 
It would seem that there was some systematic error 
in the series of measurements relative to this nozzle. 
The results obtained ky the two thin-plate orifices lic 
very nicely along the curve HF on Plate IV. Taking 
the ratio between the ordinates of this curve and those 
of the curve AB for convergent nozzles, we find figures 
which increase along a straight line in the same way as 
was obtained in the case of steam. That is to say, the 
points representing these ratios which are plotted on 
the chart lie very exactly on a straight line GH tangent 
to the curve EF for the thin-plate orifice. The origin 
of this line is 0.629, while Hirn found by direct experi- 
ment that for small differences of pressures the coeffi- 
cient of discharge for thin-plate orifices was 0.633. 
Comparing the curves thus obtained for the flow of 
aif with those obtained for the flow of steam, it will be 
noticed that they are entirely analogous and can be 
almost superposed. There is always this difference, that 
the theoretical maximum of the curves for air occurs 


at ; =0.526, while for steam it occurs at p= 0.58. It 
will be noticed also that the straight line which repre- 
sents the ratio of the coefficient of discharge for thin- 
plate orifices to that for convergent nozzles for steam 
lies about 2 per cent above the corresponding line for air. 
Iam unable to decide whether this difference is due to ex- 


perimental errors or to the different nature of the fluids. 
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NOTE ON THE FLOW OF HOT WATER 
THROUGH NOZZLES. 


In this short note I propose to analyze the 
phenomenon of the flow of hot water through a con- 
vergent nozzle and to explain the results obtained by 
Sauvage & Pulin i in experiirents made by them in 1892," 
which appear very singular at the first glance. 

The theory developed in the preceding work relating 
to the flow of steam can be extended to the somewhat 
more complex problem of hot water which is partially 
vaporized during the discharge. The most simple case, 
which I will discuss first, is that in which the water in 
the high-pressure receptacle is initially at exactly the 
temperature 7’, corresponding to the pressure Py of 
the steam; that is to say, just on the point of evapo- 
rating. It will then begin to evaporate as soon as its 
pressure and temperature fall. A remarkable cireum- 
stance gives to this phenomenon a very special interest, 
namely, that the quantity vaporized on the one hand 
and the velocity of flow of the mixture of water and 
steam formed on the other hand are both practically 





1 Bd. Sauvage, Ecoulement de l'eau des Chaudiéres (Annales 


des Mines, 9th Series, Vol. II, page 192). 
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proportional to the fall of temperature. Considering 
the entropy diagram,‘ Fig. 3, let AD be the curve of 
the entropy of water, and EF that of saturated steam. 
Let the point A represent the state of the hot water 








Fa. 3. 


at the temperature 7, and the corresponding pressure 
Py. 

During the expansion in the nozzle a small quantity 
of steam ig generated which forms a more or less hor§o- 
geneous mixture with the remaining water. It may be 
admitted that the expansion is adiabatic on account 
of the very short time during which the fluid remains 
in contact with the walls of the nozzle. This adiabatic 
expansion is represented on the entropy diagram by 
the line AG parallel to the axis of temperatures. When 
the mixture has reached the temperature 7, differing 
from 7, by the quantity 6, the proportion of steam 





'The utilization of the entropy diagram for the vapor of 
water was made the subject of some remarkable articles by 
Prof. Boulvin in the Revue de Mécanique in 1897 and 1901. 
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generated is given by the ratio of the segment of the 
straight line DG to DF.1 Now the curve AD of the 
entropy of water is practically the same as its tangent 
at the point A, if the fall of temperature is not large. 
DG is then proportional to the fall ih temperature 8, 
with a tendency, howevér, to increase a little quicker 
than 6, and one can write that the ratio of DG to DF 
is very nearly proportional to @; that is to say, 


x=ab, 


a being a coefficient which depends on the initial tem- 
perature 7, The value of this coefficient can be easily 
ascertained if the entropy diagram be drawn to a 
large scale. 

On the other hand the velocity of fow V at the 
moment when the temperature has fallen to T, is 
given by the area of the triangle AGD. The base of 


this triangle is approximately equal to x7, r being the 


T 
heat of vaporization of the water. We have then the 
following relation: . 
. ae r 2 
a gliz8 a 3 shad 
whence 


AGE. mnhe ut. at caval) 


* We may safely assume that there is no retardation of the 
vaporization so that the quantity of steam in the mixture 
is that corresponding to the segment DG at each instant. 
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We will now calculate the area of nozzle necessary to 
allow unit mass of water to flow when the temperature 
has fallen by 6°. This area is equal to the specific 
volume » of the mixture of water and steam divided 
by the velocity VP, 

The specifie volume v is equal to 1 -2+5, D being the 


density of saturated steam at the temperature T= 
T,—6, or replacing x by its value a8, we have 


a8 
eee: oe wee Q) 


Dividing » by V, we have the area S: 





1 loa 
st 5-9) nee ay ae 
g oT, 


For any given initial temperature @ and r are fixed. 
In the expression for S, consequently, the only vari- 
ables are the fall of temperature @ and the density D 
which is a fanction of 7,—8; consequently S increases 


or decreases in proportion to the quantity at a and 
since @ is very small, S is practically proportional to 
this quantity. Now when @ inereases ; decreases. But 
on the other hand the density D diminishes and con- 


sequently the second term 5 increases, so that a time 


arrives when the increase of the second term compen- 
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sates fer the decrease of the first, and the quantity 
lia cove 

atD thenr passes through a minimum, 


In order to ascertain the position of the minimum it 
is necessary to express D as a furfetion,of the tem- 
perature. . 

In default of a simple relation between these quan- 
tities the problem can be solved in any particular case 
by the aid of Regnault’s tables; for example: 

Suppose the initial pressure P equals 10 kilogrammes 
per square centimetre. The corresponding temperature 
T, equals 178.886+273°. By the entropy diagram the 
value of a is found to be 0.00216; the density is given 
by the tables. It should be noted that D must be 
expressed in kilogrammes per cubic decimetre. 


The following are the values of the quantity ate 


for increasing values of @ in the neighborhood of the 
minimum: 


For 0= 6°C. 7+ 4;=0.650L 


. e 0.6374 
8° 0.6300 

9° 0.6274 

ww , 0.6293 

1° 0.6325 

12° 0.6355 


Plotting the curve, it is seen that the minimum occurs 
for 6=9.2°. The absolute pressure corresponding to 
this value of @ is §.044 kilogrammes per square centi- 


. 
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metre. Consequently when the pressure falls "below 
about 80 per cent of the initial pressure it is necessary 
for the nozzle to diverge in order that the mixture of 
water and steam should continue to expand. 

If the ngzzle %s simply convergent, the pressure at 
the mouth of the nozzle will~be exactly equal to the 
value just obtained (i.c., 8.044 kg.). If the discharge 
takes place into a space in which the pressure is much 
less than this, as, for example, into the atmosphere, a 
sudden expansion occurs which is much stronger than 
in the case of the discharge of steam alone. The jet 
is seen to swell suddenly and take the fort of a very 
wide paraboloid, as is well shown bf the photographs 
reproduced in M. Sauvage’s memoir. 

The lateral expansion of the jet is enormous at the 
mouth of the nozzle because, as we shall see, the speed 
of flow of the mixture is not high and it is proportion- 
ately greater as the pressure in the exhaust space is 
lower than the pressure p giving the maximum output. 
The discharge per unit of area of the mouth of the 
nozzle can be calculated from the pressure p which 


ae) ok be . . 
makes the quantity ab a minimum. Making this 


calculation for the case under consideration, we find 
first that the quantity of steam generated zx is equal to 
1,99 per cent; that the specific volume of the mixture 
reaches the value 5.78; that is to say, at the mouth 
of the nozzle the steam oceupies a volume 4.78 times 
that of the water; that the speed of the mixture at the 
mouth is 28.55 metres per second; and finally that the 


f me 
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weight gf fluid discharged is 494 grammes per square 
centimetre of orifice per second. 

Jt is interesting to compare this last figure with 
that obtained. if the nozzle was discharging initially 
saturated steam. In that case the qtantity discharged 
would be 143 grammes per square centimetre per 
second. In the case of the hot, water, therefore, the 
weight discharged is 3.5 times larger. 

If the expansion is to be, continued in the nozzle, 
the throat must be followed by a divergent portion. 
In Fig. 4 the curve CMD of the areas as ordinates is 


” 
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FALL OF TEMPERATURE t fe 
Fis, 4, 
given as a function of the fall of temperature for the 
case where P, is 6 kilogrammes per square centimetre, 
the water being initially at the temperature of vapor- 
ization at this pressure. 
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In the case of the flow of initially saturated steam, 


it was found that the value of the ratio F corresponding 
to the minimum area (that is to say also, to the maxi- 
mum discharge) is equal to 0.58, and that it is sensibly 
independent of the initial pressure P,. In the case of 
hot water we have found, when P, equals 10 kilogrammes 
per square centimetre, that the value of the ratio cor- 
responding to the minimum area is equal to 0.804, a 
value very much larger than the preceding. On repeat- 
ing the same calculations for different initial pressures 


it is found that the value of the ratio £ corresponding 


to the minimum varies considerably. It approaches 
unity as the pressure P, decreases; thus for P,=6 
kilogrammes per square centimetre we find that the 
fall of temperature 6, which gives the minimum 
value for a is 7.15 degrees, whence p= 0829; the 
speed of flow at the mouth of the nozzle is now only 
22.5 metres per second, and the discharge 344 grammes 
per second. ~ 

Let it be supposed now that the water is initially ata 
temperature lower by é° than T,, the temperature of 
vaporization at the pressure J). As long as the fall 
of pressure is insufficient to cause evaporation the 
water will remain in the liquid state and the discharge 
will follow the laws for liquids. When the pressure 
falls below this limit, however, partial evaporation 
will take place, and again a point will be reached at 
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which the increase of the specific volume will com- 
pensate the increase of velocity. At this moment the | 
area of the flow will become a minimum. The decre- 
ment of temperature ¢ has the effect, then, of rapidly 
increasing the possible discharge per unit section of a 
given nozzle. We shall see later, by an example, that, 
except for very small values of é, the’ minimum area 
corresponds exactly to the point where evaporation 
begins to occur. 

Calling P’ the pressure ‘existing at the point where 
evaporation begins (namely, the pressure correspond- 
ing to the temperature, 7,—¢ for saturated steam) and 
6 the fall of temperature from this point, the isi of 
flow is given by the relation wr. 

2 Re . 
7 es + Sobel apes (4) 





D being the density of the liquid and @ having the 
esignification already given. The specific volume of the 
mixture is always given by the expression 
af 
V=1-ab+ D: . 


The analytical discussion in this case is even more 
difficult than in the preceding; but any particular case 
can be solved by means‘of Regnault’s tables. Tt will be 
seen from the above that only a slight fall of tempera- 
ture is sufficient to increase the discharge enormously. 
Thus, for example, to obtain a discharge of 494 grammes 
per second for a pressure of 10 kilogrammes per square 
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centimetre, the speed must increase to 4.94 metres per 
second. For this speed 


P,—P’=0.124, whence ¢=0.54°. 


This low value,clear’y shows the considerable influence 
which the decrement of temperature has on the discharge 
from a convergent nozzle. 

Now in different parts of a boiler the temperature of 
the water is always a little lower than the temperature 
of vaporization. This difference will easily amount 
to several degrees, and is very variable, not only 
from point to point in the bojler, but also fiom one 
moment to another, depending on thé state of the 
internal currents and the activity of the evaporation. 

-Qne would consequently expect to find extremely 
variable discharges, such as have been shown by the 
experiments of Sauvage & Pulin. The increase of the 
discharge with reference to that taking place if there 
were no decrement of temperature, forms an indication? 
of the amount of the decrement in temperature. 

As this decrement of temperature increases, the 

. flow tends to approach more and more that of a simple 
liquid and does not differ at all when the initial tem- 
perature of the water T,—¢ is equal to or less than 
that of the vapor corresponding,to the pressure P, in the 
exhaust space. The discharge will then reach the value 


Pi—Py 


9 
T° 





- per square centimetre per second. The actual dis- 
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charge is always found to He between this last value 
and that which we have previously calculated for the 
case whén the water is initially at the temperature To. 
For example, for an initial pressure of 6 kilogrammes 
per square centimetre and discharging into the atmos- 
phere, the discharge per second per square centimetre 
should lie between 3130 grammes and 344 grammes, 
the figure just given. In their experiments Sauvage 
& Pulin found discharges for a pressure of 6 kilo- 
grammes per square centimetre, varying irregularly 
around -the value 1350 grammes, which would appear 
to indidate that under the conditions of the experi- 
ments the wafer was at a temperature about 6 degrees 
lower than that of steam at the same pressure. 

For the sake of example I have given in Fig. 4 
nozzle areas for the discharge of hot water from an 
initial pressure of 6 kilogrammes per square centimetre 
with differences of temperature increasing by single 


“degrees. The total fall of temperature (¢+ 4) is plotted 


as abscisse, while the ordinates indicate the area of 
flow in square centimetres for a discharge of 1 kilo- 
gramme per second. The curve AB represents the 


‘ease of cold water (without evaporation); CMD that 


of hot water initially at the temperature of vaporization 
(where £=0); curves & 4,...9 correspond to the 
cases where the decrement of temperature is 1°, 2°, ete. 

For a decrement of 2°, for example, the water at 
first flows without causing.evaporation and the areas 
decrease up to thie point C; then, because evaporation 


takes place, the area increases, from which it will be 
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° 
seen that if the nozzle is convergent hot wager will 


“be discharged without any portion being vaporized, at 


its initial temperature and at the pressure correspond 
ing to that temperature for saturated steam. 

This is not quit® general, however. If the curve of 
areas be drawn for decrements of temperature less than 
about 1 degree it wil] be found that two successive 
minima are obtained, as, for example, curve 2, The 
first minimum a is an angylar point; the other occurs 
in the neighborhood of a point M on the curve eD. 
Further, when ¢ is less than 0.395 degree, the first 
minimum is larger than thee second, as wil be seen 
from curve 1. It would appear from the’ singular 
form of this curve of areas that the flow in a converg- 
ent nozzle ought to undergo a discontinuity because it 
is impossible for the fluid to be in the states correspond- 
ing toghe part of the curve between the points m and n. 
Since the areas of the nozzle are always decreasing, 
there must be a sudden jump from m to n; that is & 
say, an instantaneous partial evaporation, and, which 
is very curiqus, an equally instantaneous increase in 
the velocity. ° 

This remarkable phenomenon of a sudden variation 
in the evaporation and in the speed demands very 
careful examination. It would appear incompatible 
a priori with the laws of inertia of material bodies; but 
on thinking of the matter one ean see, I think, that these 
discontinuities are not impossible when fluid bodies are 
being experimented with, which can be decomposed 
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actually and not only theoretically into very small 
elementary masses. 

al will conclude with these remarks, which are suffi- 
cient to show that the flow of a hot liquid presents 
peculiarities very well worthy of attention. 


APPENDIX. 


To those wishing to study this subject further, the 
following bibliography may be of assistance: 


-Youna. Phil. Trans., 1800, p. 187. 

LaGerBein. Annales de Physique et de Chithie, XVI, 1811 to 
1815, p. 204. : 

Scumit. Poggendorf’s Annalen, II, 1824. 

Bangs. Memoirs of the Lit. and Phil. Soc, of Manchester 
(England), Vol. I, p. 389. 

D’Avsisson. Annales des Mines, 1826. 

Kocna ari Burr. Pog. Ann., 1836-7. 

Sr, Venanrand Wantzetn. Jour. de l’Ecole Polytechnique, 1838; 
Comptes Rendus, 1829-45. C7 

Tremery. Ann. des Mines, 1844. 

Becqueret and Ponceter. Comptes Rendus, XXI, 1845. 

GrawaM. Phil. Trans., 1846, 1849, 1863. 

Froupe. Proc.4€nst. Civil Eng., VI, 1847. 

Joute and THomson. Proc. Royal Soc. London, 1856. . 

Weissacu, Civil Ingenieur, V, 1859; XII, 1866. 

Joue. Mem. Lit. and Phil. Soc. Manchester, 3d Series, I, p. 102. 

Napier. On the Velocity of Steam and other Gases. Spon, 1866. 

Herruan. Z. V. Deut. Ing., 1867, p. 345. 
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Spigot. Socket. Screw Flanges. Jointing Rings, etc. Superheated 
Steam. Pipe Supports. Bracket Suspension. Pillars. Plain Brackets. 
Vibration. Anchor Bracket. Tables of Dimensions. Erection of Pipes. 
Templets for Pipes. Taper Joint Rings. Extensions to Existing Pipes. 
Pipe Bending. General Arrangements. Relative Position of Boilers, 
Engines and Superheaters. Size of Valves. Boiler Output. Modern 
Boiler Capacity. Valves, Globe, Angle, Fullway or Gate. Bye-Pass 
Relief. Reversed ‘Flexible Seats. Insolation. Materials. Drainage. 
Steam Traps. Junction Pieces and Flanges. Weights. Construction. 
Materials. Flange Dimensions. Bolt Pitch. Standards. Separators. 
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Mechanical Appliances 


~Mechanical Movements 
and Novelties of Construction 


An Encyclopedia of Mechanical Movements and Mechanical Appliances, 
including many Novelties of Construction used in the practical operation 
of the Arts, Manufactures, and in Engineering. For Engineers, Draughts- 
men, Inventors, Patent Attorneys and all others interested in Mechanical 
Operations, . 


By GARDNER H. HISCOX, MLE. 
Author of “ Gas, Gasoline, &nd Oil Engines,” “ Compressed Air,” etc., etc. 


Being a supplementary Volume to the Author's work entitled, 
MECHANICAL MOVEMENTS, POWERS AND DEVICES. 


400 pages. About 1,000 Illustrations. +» 


12s. 6d. net, 


CONTENTS: 


er, ok 

Mechanical Power Lever. ‘Transmission of Power. Measurement of 
Power. Sprfhgs, Generation of Power. Steam, Steam Power Appli- 
ances. Explosive Motor Power and Appliances. Hydraulic Power and 
Appliances. Air-Power Motorsand Appliances. Gas and Gas-Air Devices. 
Electric Power and Devices. Navigation, Vessels and Marine Appliances. 
Road and Vehicle Appliances. Railway Devicesand Appliances, Gearing 
and Gear Motion. Motion and Contfolling Devices. Horological Timg 
Devices. Mining Devices and Appliances. Mill and Factory Appliances 
and Tools. Textile and Manufacturing Devices. Engineering and Con- 
struction, Miscellaneous Devices. Dranghting Devices. Perpetual 
Motion. 


The ten editions through which the first series ‘“ Mechanical Move- 
ments ”’ has passed is more than a sufficient encouragement to warrant the 
publication of a second, more special in scope than the first, inasmuch as 
it deals with the peculiar requirements of various arts and manufactures, 
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Mechanical Movements 


Powers, Devices, and Appliances 
By GARDNER D. HISCOX, MLE. 


‘Author of “Gas, Gasoline, and Oil Vapor Engines.” 


; Tenth Edition *, Demy 8vo. 
Over 400 pages, 1,649 {Wustrations and Descriptive Text. 
128, 6d. net. 


This work embraces an ifustrated description of the greatest variety of 
mechanical movements and. devices in any language. Commencing with, 
the simple resolution of forces, and the elements of the lever in its various 
forms and applications, with a notation that is easily resolved by any 
ordinary arithmetician. It extends the notation and the resolution of 
power to the screw, worm gear, tackle blocks and to the measurement of 
power by the prony brake and various kinds of dynamometers. 

Tt illustrates fully the leading devices for the transmigsion of power and 
its measurement. Generators and transmittors of steam power ,; steam 
appliances; gas motors and valve’ gears of steam and gas Engines. 
Hydraulic power and devices for the measurement of hydraulic effects. 
Filtration and water supply. Atmospheric power and motor devices, 
biowers, air-compressors and water-lifts. Pneumatic tools. The principles 
of construction in electric appliances for power, lighting, heating and 
welding. The names and rig of sailing vessels of all kinds; rope-knots, 
screw propellers. Road appliances ; the horseless carriage, tricycle and 
bicycle movements. Intermittent, elliptic and epicyclic gearing and gear 
movements. The Fergusson paradox and its kind; planetary gear. 
Ratchet"motions and devices controlling motions of all kinds. Cranes and 
counting devices, curious crank and eccentric motions, universal joints of 
many designs. Clock and watch movements and devices. Mining.hoist- 
ing and conveying devices. Separating of ores and dredging. Shop and 
factory appliances, tools, standard screw threads. Mills and mill appli- 
ances ; roofs, bridges, railway devices, locomotives. Gas controlling and 
operating devices. Acetylene generators, lamps and burners. Arms and 
ordnance. Combining in all a most useful encyclopaedia of the mechanical 
arts, A book for inventors, students, draughtsmen, mechanics, engineers, 
electricians, and all interested in any way in the devising and operation of 
mechanical works. 


Smoke Prevention 
By W. H. BOOTH anv J. B, KERSHAW, F.LC, 
Demy 8vo. Fully Illustrated. 
6s. net. 


CONTENTS : 


Preface. Introduction. The Chemistry of the Combustion Process. 
Present Methods of Burning Fuel nd their Defects. Improved Methods 
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Hardening, Tempering, 
Annealing, and Forging of Steel 


A Treatise on the Practical Treatment and Working of 
High and Low Grade Steel 


By JOSEPH V. WOODWQRTH e 


Demy 8vo. 288 pages. With 201 Illustrations, 


Tos, net 


CONTENTS: 1 

Selection and Identification of Stecl. The Treatment of well-known 
Brands, The Effect of Heat. Annealing Processes. The Heating and 
Cooling of Steel. The Use of Gas Blast Furnaces and Heating Machines. 
The Hardening of Steel—in water, brine, oil and solutions. Special Pro- 
cesses. Tempering—by colours, in oil, on hot plates, by thermometer, in 
hot water, in the sand bath, by special methods. Case Hardening Processes. 
The Use of Machinery Steel for Cutting Tools. Hardening and Tempering. 
Milling Cutters and similar Tools. Small Tools. Dies and Press Tools. 
Forging and Welding. Grinding. Miscellaneous Methods. Processes, 
Kinks, Pointers, Tables, etc. 


. Dies 

Their Construction and Use for the Modern 
Working of Sheet Metals 
By JOSEPH V. WOODWORTH. 


Demy 8vo. 384. pages. With 505 Illustrations. 
12s. 6d. net. 


A treatise upon the designing, constructing and use of tools, fixtures and 
devices, together with the manner in which they shouldbe used in the 
Power press, for the cheap and rapid production of Sheet-metal parts and 
articles. A complete treatise on the subject and the most comprehensive 
and exhaustive one in existence, and one that diemakers, machinists, tool- 
makers or metal working mechanics cannot afford to be without. 


CONTENTS : 

The Construction and Use of ‘‘ Singte ” or Blanking Dies, and ‘ Double ” 

= or Piercing and Blanking Dies. Simple Dies for Use in the Machine Shop. 
“Gang ” and “ Follow’ Dies. How to adapt and use them. The Adap- 
tation and Use of Simple Dies and Press Fixtures for the Economic Pro- 
duction of Sheet-Metal Parts. Bending and Forming Dies and Fixtures. 
Perforating Dies and Processes for Thin and Heavy Stock. Curling, 
Wiring and Seaming Processes. Drawing Processes for Sheet-Metal Shells. 
Coining Processes. Punches and Presses for Operations on Heavy Stock. 
The Fee_ing of Sheet-Metal to Dies. Lubrication of Press Work. Anneal- 
ing Tool Steel, and Hardening and Tempering Processes for Press Tools, 
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SECOND IMPRESSION. 


Practical Electro-Chemuistry 
By BERTRAM BLOUNT, FAC.°F.C.S., Assoc. Inst. CE. 


Consulting Chemist to the Crown Agents for the Colonies. 
Demy 8vo. Fully Illustrated. 


158. net. 
CONTENTS: - 

Section I., General Principles. Section IL, Winning and Refining of 
Metals by Electrolytic Means in Aqueous Solution, Section III., Winning 
and Refining Metals in Igneous Solution. Section IV., Winning and 
Refining Metals and their ‘Alloys in the Electric Furnace : Carbides, Borides 
and Silicides. Section V., Electro Deposition. Section VI., Alkali, 
Chlorine and their Products. Section VII., Electrolytic Manufacture of 
Organic Compounds and Fine Chemicals, Section VIII., Power, 


Acetylene _ 
By VIVIAN B. LEWIS, F.LC., ere. 


Professor of Chemistry Royal Naval College, Greenwich, 
Chief Superintending Gas Examiner to the Corporation of the City of London, ete, 
About 1,000 pages and 228 Illustrations. 


32s. net. 
CONTENTS: 

The History of Acetylene from its Discovery to the Introduction of Com- 
merciql Acetylene. The Preparation of Acetylene. Acetylene and its 
Properties. The Chemical Re-actions of Acetylene. The Electric Furnace 
and its Application to the Manufacture of Calcium Carbide. The Manu- 
facture, Properties, and Impurities of Calcium Carbide. The Ganeration 
of Acetylene. The Impurities of Commercial Acetylene and the Processes 
adopted for their Removal. The Generation of Light and Power from 
Acetylene. The Utilisation of Diluted Acetylene. The Analysis of Ma- 
terial for Carbide. Manufacture of Carbide and of Acetylene. Legal 
Enactments in Force in Various Countries with Regard to the Use of 
Acetylene, English Patents, Appendix of Useful Data, Indax. 


The Art of Illumination 


cy 
By LOUIS “BELL, Ph.D. 
Demy 8vo. 345 pages. Fully Llustrated. 
10s. 6d, net. 
CONTENTS : 

Light and the Eye. Principles of Colour. Reflection and Diffusion. 
The Materials of {Mumination. - Illuminaifts of Combustion. Incandescent 
Burners. The Electric Incandescent Lamp. The Electric Arc Lamp. 
Shades and Reflectors. Domestic Illuminations. Lighting Large In- 

= Sd a a Ral ~ Hineinatan Nerorative and Scenic In- 
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Engine Tests and Boiler 


Efficiencies 


, By J. BUCHETTI 
Edited and Translated by ALExanper RussELL, M.1.5.E. etc. 
Fully Illustrated. 


_ tos. 6d. net, * zi 
CONTENTS : 

Indicators. Continuous Indicators. Recording Indicators. On Mount- 
ing Indicators, ‘Travel Reducing Gear. ‘Theory of the Indicator, The 
Study of Diagrams. Testing Oi and Gas Fngines. Measurement of 
Indicated Horse Power. Use of a Dynamo as a Break. Steam Turbines. 
Properties of Steam. Evaporation. Combustion. Steam Trials. Ap- 
pendices. 


a 





The Economic and Commercial Theory of 


Heat Power Plants 
By ROBERT H. SMITH, AMICE., M.LM.E., M.LE.E,, ere. 


Prof, Em. of Engineering and Mem. Ord, Meiji 
' 24s. net. 

This treatise insists, from the Physical and Industrial points of view, upon 
the paramount dominance of the TIME-ELEMENT in all thermodynamic 
action; upon the dependence of the MODULUS OF ELASTICITY upon the 
time-element ; upOn IRREVERSIBILITY as arising from it; and upon the 
supreme engineering need of concentrating attention upon resilience, due 
to volume and pressure as being the quality of primary utility in mecnanics, 
while temperature is of secondary, although important, influence. It pro 
poses anew coefficient, called the Dynothermic coefficient, giving the 
tatio of the quantity of Resilience produced by Thermal action to the 

* quantity of Thermal action involved. It then investigates the ratio in 
» which this Resilience may be utilized. 

From the Commercial point of view, it demonstrates how the endeavour 

after increased thermodynamic efficiency is properly limitcd by the con- 

~ current increase of costs in capital charges, working expenses, and slowness 
af production, It investigates in detail graphic and other methods of 
estimating the various limits and combinations of limits which result in 
maximum all-round commercial economy, and explains the truc Com- 
mercial Economy Coefficient. It contains numerous tables and diagrams 
illustrating these methods and the resulting limits. It contains also many 
Aliagrams of thermal and dynothermic properties of materials, especially 
those of steam. 





O’Gorman’s Motor Pocket Book 


By MERVYN O’GORMAN, M.Inst.C.E., ere, 
Limp feather Binding. 
78. 64. net. 
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Motor Vehicles and Motors 


Tueir Destcn, Construction, AnD WorkinG,@v Srzam, O1l, AND Execraicity 


By W. WORBY BEAUMONT, M.insr.G@E., M.Insv.MLE., 
M.Inst.E.E. 


VOL. I. SECOND EDITION 





42s. net. 


About 600 pages and more than 450 Illustrations and Working 
Drawings. 


. 
‘This volume deals with the achievements of the past and the present ; 
namely, the active period from 1824 to 1838 ; the subsequent intermediate 
period ; and, finally, the modern and recent great development. The 
greater part of the book deals with the modern ‘and recent motor 
vehicles, dating from 1884 to 1900, Sand for this purpose several hundreds 
of new working drawings have been specially made and reproduced with 
the greatest care, which convey precise information of the design and con- 
struction of Vehicles of which thousands have now been made, chiefly 
abroad. 


Nearly all these drawings are reproduced to scale dimensions in British 
and metric measures. Oil and spirit motor vehicles, and their motors, 
occupy the greater part of the work, as these are by far the more numerons 
and mgst successful for the purposes for which they are built. Careful 
descriptions and explanations are given of these with all their details and 
connections mechanical and electrical, Elaborate analyses are given of 
the results of all the organized trials which have been made with ychicles 
of various kinds. 


Complete drawings are also given of the most representative types of 
electric motor vehicles, and particular attention has been given to the 
electrical contwollers ant the various methods of electrically varying 


speeds, together with electrical connections. i 





Motor Vehicles and Motors . 


VOR. I. 


By W. WORBY BEAUMONT, M.Inst.C.E., M.insr.M.E., 
M.Inst.E.E. 


Fully Illustrated. 
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Tables of Multiplication, Division 


- and Proportion 
EXTENDED TO 100 BY 160 


For the-Reapy Catcutation of Quantities and Costs, 
Estimates, Invoice Prices, Interests and Discounts, 


Weights and Strengths, Wages and 
WAGE PREMIUMS 


Accompanied by full explanations and examples of how to use the Tables 
by direct inspection and by interpolation. All 2-figure and many 3-figure 
factors are dealt with by direct inspection, while all 4-figure and many 
6-figure factors are accurately manipulated by help of a simple mental 
interpolation, The Tables are primarily intended to aid in the calculation 
of WaGEs under the new Premium and Bonus Systems. They are also 
very useful in finding Discounts larger than are covered by the ordinary 
Interest Tables. They obviate mental fatigue in all technical and industrial 
calculations, simple:inspection without interpolation giving all results 
obtainable by the common Slide-Rule ro inches long ; while with interpola- 
tion 4-place accuracy and approximation in the sth significant figure is 
obtained, which is yielded only by Fuller's Spiral Rule with Scale 42 feet 
. long. 
"the tables are designed for’the use of TECHNICAL Scuooxs as well as for 
TECHNICAL and PROFESSIONAL OFFICES, 
‘They are mounted on Linen and folded in 16 narrow pages in a form 
facilitating rapid use, and are easily carried in the pocket. 


By ROBERT H. SMITH, A.M.LC.E., M.LM.E., M.LE.E,, etc., 


Prof. Em. of Engineering and Mem. Ord. Meiji. 


6s. 





Entropy 


By JAMES SWINBURNE, M.Inst.C.E., M.1.4.E., etc, 
- Illustrated with Diagrams. 
4s. 6d. net. 
CONTENTS: 

Introduction. Origin of Common Error as to Entropy. Personal. 
Irreversible Changes not Considered Properly. Entropy. Work Heat 
and Waste. What Entropy is Not, and What It Is. Three Kinds of 

erpetual Motion. Three Laws of Thermodynamics. Reversible Cycle. 
Entropy as a Factor of Incurred Waste. Reversibility. Localisation of 
Entropy. More Convenient Definition of the Entropy of a Body. The 
Temperature Entropy Diagram. Irreversible of Free Expansion. Dif- 
ference of Areas of 9 @ and po Diagrams. Ungained Work. Diagram for 
Steam. Real Factors of Heat. Conduction. Movement of Entropy. 
Condection of Heat. Volume. Growth of Entropy in Conduction. Unit 
Physical Meaning of Entropy. Conclusion. Appendix. 
3 ee Thasmndunamics Present or Orthodox Treatment. 
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‘Refuse Destructors and Power 


Productron 


By F. GOODRICH 


Demy 8vo. — Fully Illustrated. 


, 2ts. net. 

CONTENTS ; 

Introduction. Refuse Tipping on Land. Refuse Tipping at Sea. 
Systems of Charging Refuse into Celts, British Destructors Described and 
Tilustrated. Labour Cosf. Clinkering. The Residuum and Methods of 
Disposal. Destructors Combined with Electricity Works. Destructors 
Combined with Sewage Works. Destructors Combined with Water Works. 
Destructor Sites. The Comparative Advantages of Steam Jet Blowers 
and Fans, Special Points in Design for Securing and Maintaining High 
Temperature and Steady Steaming. The Comparative Advantages of 
Various Types of Steam Boilers for Destructive Purposes. Refuse De- 
structors in the Metropolitan Boroughs, London. Refuse Destructors in 
England and Wales. Refuse Destructors in Scotland and Ireland. Refuse 
Destructors Abroad. Concluding Remarks. ¢ - 


Small Dust Destructors for 


Institutional and Trade Refuse 


By F. GOODRICH 


Demy 8vo. 
4s. net. 
CONTENTS : 
Introductory. Isolation Hospital Refuse Destructors. Institutional 


Refuse Destructors Described and Mlustrated. Portabl® Destructors. 
American Practice. The Disposal of Trade Refuse. 


Elem entary Studies in 
Chemistry 


By JOSEPH TORREY 
Instructor in Harvard University. 


( Eero «pee 
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Electricity and Matter 


By J. J. THOMPSON, D.Sc, LL.D., Ph.D. FRS. 
Price 5s. net. 
CONTENTS: 

Representation of the Electric Field by Lines of Force. Electrical and 
Bound Mass. Effects due to the Acceleration of Faraday Tubes. The 
Atomic Structure of Electricity. The Constitution of the Atom. Radio- 
activity and Radio-active Substances. 





The Discharge of Electricity 


through Gases 


By Proressor J. J. THOMSON, F.R.S. 


Crown 8yce. 
, As. 64, net. 


The Engineer 1 in South Africa 


By STAFFORD RANSOME, M_Inst.C.E. 


Demy 8vo. Fully Tlustrated. 
7s. 6d.‘net. 
CONTENTS : 

Introduction. Industrial Geography. The Cost of Living and Travel- 
ling. Politics and their Bearing on the Industrial Question. The Coming 
Business ‘‘ Boom.” The Prospects of Employment. The Labour. Ques- 
tion, Intercolonial Relations. The British Manufacturer. The Com- 
petition in Gold Mining Machinery. The Struggle for Life in Rhodesia. 
Possibilities in the Orange River Colony. A Business Policy for Manu- 
facturers. The Theory and Practice of the Railways. The Harbours of 
CapeColony. Durban Harbour. Diamond Mining in Kimberley. Under- 
ground at the Rand Mines. The Treatment of Gold Ore. Well Boring in 
Cape Colony. Irrigation: A Disappointing Situation. ie 


The Internal Wiring of Buildings 


By H. M. LEAF, MLM, ere. 


Fully Illustrated. 
38. 6d. ‘net. 

Revised and Enlarged, with a chapter on Electricity Meters and the New 
Rules of the Institution of Electrical Engineers. 
CONTENTS : 

Introduction. Electric Cables. General Arrangement of Conductors 
and Cut-outs in Buildings. Jointing and Wood Casing System of Wiring. 
Metal Tube and Concentric Systems of Wiring. Electrical Accessories. 
Testing. Costsand Estimates for Wiring. Electrical Meters and Systems 
of Charging for Electric Current. Regulations of Insurance and Electric 
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Electric Furnaces 


By J. WRIGHT 


Demy 8vo. With’ 57 Iustrations. 


8s. 6d. net. 

CONTENTS : 
Introductory and General. Efficiency of the Elect 
“Furnaces. Resistanct. Furnaces. Carbide Furnaces. Smelting and Ore 
Reduction in the Electric Furnace. Distillation of Metals. Electrolytic 
Furnaces. Laboratory Furnaces aftd Dental Muffles. Tube Furnaces. 
Glass Manufacture in the Electric Furnace. Electrodes and Terminal 


Connections. Furnace Thermometry- 


Electric Traction Engineering 
By H. F. PARSHALL and H. M. HOBART. 
Fuliy lustrated. 


° 
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Modern American Machine Tools 
By C. H. BENJAMIN. 


Fully illustrated. 


Electricity in Town an 


Houses 


By PERCY E. SCRUTTON. 
Fully Illustrated. 





d Country 


Third Edition. Crown 8vo. 
as. 6d. 








Art-Enamelling upon Metals 
With many Illustrations and Two Coloured Plates. 
By H. HL CUNYNGHAME, F.RS. 
Second Edition. Large Crown 8vo. 
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National Engineering and 
"Trade Lectures 


« “To Stimulate and Expand British Trade.” 


Assisted by the Board of Trade and other Government Departments, 
various Colonial Governments, British Consular Officers, Chambers of 
Commerce, Employers’ Federations, Technical Institutions, etc. 


Eprrep sy B. H. MORGAN. 
Fully Illustrated. 


6s. net per volume, 


Vol. 1.—BRITISH PROGRESS IN MunIcipAL ENGINEERING. 
A series af Three Lectures, by WiLLIAM MAXWELL, Assoc. 
M.Inst.C.E. 


Vol. 2.—BRItISH PROGRESS IN Pumps AND PuMPING ENGINES. 
By Putip R. BJORLING, Consulting Engineer, Author of 
“Pumps and Pump Motors.” 


Vol. 3.—BRITISH PROGRESS IN Gas Works PLant AND MACHINERY, 
By C. E. BRACKENBURY, C.E., author of ‘‘ Modern Methods 
of Saving Labour in Gas Works.” 


OTHER VOLUMES IN PREPARATION. 





Messrs. ARCHIBALD CONSTABLE & Co. call the attention of the public to the 


Repertoire General du Commerce 


A Series of ENCYCLOP&DIAS OF INTERNATIONAL TRADE, of which 
: they are Sole Agents. 


Each volume is printed in French and the language of the country dealt 

with in parallel columns, and forms an invaluable reference Encyclopxdia 

of the trade and trading conditions existing between France and that 
count7y. 

- 


Unirep STATES—FRANCE .. 215- net.. Second Edition now ready. 


{raLyY—FRANCE .. Tos, net. Now ready. 
Great BRITAIN—FRANCE -- 218. net.. In the. press. 
FRENCH COLONIES—FRANCE..  258- net. In the press. 


Other Volumes in preparation. 
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Compressed Arr. 


Its Production, Uses and Applications 
By GARDNER D. HISCOX, ME. 


Author of «M@shanical Movements, Powers, Devices,” Etc. 
Demy 8vo. 820 Pages. 545 Jiiustrations. 
20s. net. 


‘A complete treatise on the subject of compressed air, comprising its 
physical and operative properties from a vacuum to its liquid form. Its 
thermodynamics, compression, transmission, expansion, and its uses for 

wer purposes in engineering, mining and manufacturing work. Air 
compressors, ait motors, air tools, air blasts for cleaning and painting. 
The sand blast, air lifts for pumping water, oils and acids, submarine 
work, aeration of water, railway appliances and fropuision. ‘The air 
brake, pneumatic tube transmissien, refrigeration and cold rooms. The 
hygiene of compressed air, its liquefaction and phenomena, including forty 
tables of the physical properties of air, its compression, expansion and 
volumes required for various kinds of work, and a list of patents on com- 
pressed air from 1875. 


CONTENTS : 


flistorical Progress of Air Work. Physical Properties, with Six Tables 
of Comparative Volume of Air Absorbed by Water. Volumes and Weight 
of Drp and Saturated Air. Absolute Pressure for Height of Barometer 
with Moisture. Weight of Vapour per_cubic foot of Saturated Air at 
Various Temperatures. Temperature of Boiling Water at Various Heights, 
with Barometric and Gauge Pressure. Amount of Water Condénsed by 
Air Compression ‘and Cooling, etc., etc. Air in Motion and its Force, 
Table of Velocity and Pressure, with Examples, anemometers, evaporation 
of Water by Air. Air Pressures below Atmospheric Pressure, Air Pumps 
and their work, with Table of Evaporation. Commercial Utility of a 
‘Vacuum with examples. Drying in Vacuo, Salt Making, Siphon and its 
Work, Vacuum Excavator. Flow of Air into a Vacuum, With Formulas. 
Flow of Air under Pressure from Oriftces into the Atmosphere, with 
Tables of Velocities under Varying Pressures and Conditions and in Cubic 
feet per minute, with Formulas and Examples. The Air Jet Nozzle. 
The Power of the Wind. Wind Mill and its Work, with Table. Electric 
Generation.  Low-Pressure Air Work. The Box Kite. Gold Minin; 
Rotary Biowers, Gasoline and Air Braziers, Compressed Air for Blowin; 
Glass, etc. Isothermal Com; jon and Expansion of Air, its Jaw, with 
Diagrams and Formulae. ermod ynamics. Tables of Specific Heats. 
Absolute Temperatures. Its Absolute Zero. Volume, Pressure and 
Density at Various Temperatures. Formulas, and Figured Examples, 
Law of Expansica and Contraction by Heat and Cold with Comparative 
Volumes. Adiabatic Compression and Expansion, with Diagrams, Form 
Jas and Algebraic Expressions, with Figured Solutions. Extensive Ait 
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Values. Act&al Work of the Compressor with Tables of Mean Pressure; 
Load Foot Pounds of Work for Compressing Air, Diagrams of {sometric 
and Adiabatic Werk of Compression, with Formulas and Worked-out + 
Examples of Foot Pound Work*of Compression... Multi-Stage Air Com- 
pression. Tables. Power Lost, One, Two and Four Stage. Intercoolers. 
Three Stage Work. Four Stage, with diagrams. And Foot Pound Work, 
Loss of Power in Stage Compression, Aftercoolers, Foot Pound Work of 
® Air Compression in Different Stages. Horsepower for Compressing Air 
at Different Pressures and Stages. Expansion of Compressed Air and the 
‘Work of the Motor, with Tables of Cut-off Values arfd Clearance. Tables®* 
of Ratios, Pressures and Temperatures in Motor Cylinder, with the Mean 
and Terminal Pressures, Foot Pount Work of Expansion, Measurement 
of Expansion Card, Formulas for Expansion in Cylinders and Figured 
Results for Mean and Terminal Pressure with Method for Computing the 
Tabulated Values. Transmission of Power by Compressed Air. Tables, 
Diameters, and Areas of Pipe with Coefficient and Multipliers with Formula 
Table of Transmitted Volumes under various Pressures, from 45 to 105 
pounds. Table, Loss of Pressure by Friction, with Formula, Gauge 
Pressures and Corresponding Density. Formulas and Figured Examples 
in Transmission of Air Power. Reheating and its Work, with Illustrated 
Forms of Reheaters and Figured Values of the work of Reheating Com- 
ressed Air, and its Cost. Coloric or, Hot Air Engine and Air Motor, 
heory and Work. The Compressed Air Motor and its Work. The Paris 
Plant ‘with Diagrams of Compressor and Motor Work, Efficiencies of Air 
Plants. A Hydraulic Compressor Plant and its Efficiency. Efficiency of 
Compressed Air at High Altitudes. The Use of Compressed Air with 
Motors, and Numerous Tables for the use of Compressed Arr for all purposes, 
Driving Hoisting Engines, Pumping Water, etc. Capacity of Compressors. 
Measurement of Compressed Air by Meter. Air Compressors. Various 
Types, the Trompe, Hydraulic and early types of Piston Compressors. 
Diagrams Mlustrating Forms and Principles of Single, Duplex and Com- 
pound Types. Air Compressors of various makes Illustrated and De- 
scribed. ‘The Ingetsoll-Sergeant, Single Piston Inlet, Compound and Four 
Stage Tupes. The High Pressure Bottle. Laidlaw, Dunngordon and 
Clayton Type. Guild and Garrison, Knowles. Types of Norwalk Iron 
Works, E. P, Allis Co., McKiernan, Merrill, Curtis & Co., N. Y. Air Comp. 
aCo, Types of Rand Drill Co., Marsh, St. Louis Steam Engine Co., Phila. 
Engineering Works, D’Auri, Stillwell-Bierce & Smith Vaile Co., Nordberg 
Mfg. Co. Gasoline Type of Fairbanks-Morse Co. Kerosene Oil ‘Type. 
™ Explosions in Cylinders. Compressed Air in Mining, Rock Drills. Types 
of the Ingersoll-Sergeant Drill Co. Bar Channeller. Coal Cutter. Rand 
Drill Co. Air Table. Chicago Rock Drill. McKiernan, Phillips Rock 
Drill Co. Leyner. Table. Air for Operating. Impact or Force of Per- 
cussion in Hammers and Drills. Pneumatic Tools. Air Hammers. Ross. 
Q & C. Duplex, Little Giant. Boyer. Tilden. Chicago Pneumatic 
‘fol Co, Hold-on. Hammer in Sculpture. Fret Saw. M&chine Shop. 
in Shipbuilding, in Structural Work, in Riveting. Compression Riveters. 
In Boiler Work. Air Drills and their Work. Haesler. Little Giant. 
Boyer. Whitelaw. Phcenix. Chicago. Driils and their Work. Q. oo 
C.’ Hammers. Yoke Riveters. Stationary Riveters. Piston Drills, 
Standard Railway Equipment Co. Hammer and Drills. Phila. Pneu- 
matic Tool Co, lammers. Hold-on. Rammers. Sand Sifter. Brush. 
Moulding and Welding Machine. Drift Bolt Driver. Stow Flexible Shaft 
Co. Rotary Drills. Drills and Hoists of the Empire Engine and Motor 
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Current Meter and Recorder. Compressed Air in Railway Service. Me- 
karski, Hardie and Judson Systems. r2gth St. and 28th St. Cars. Air 
Card. | Motors and Trucks. Reducing Valve. Locomcetives of American 
‘Air Power Co. Cost of Compressed Air. “Baldwin and H. K. Porter Co. 
Compressed Air in R. R. Signalling Interlocking System. Pneumatic 
Baggage Handler. Gates. Dumping Cars. Telegtaph. Air Brake and 
its Work. Car Signal System. Air Brake on TroNey Cars. “Pneumatic 
Bell Ringer. Pneumatic Sheep Shearing. Compressed Air in 2 Saw Miyt 
Whistles. Basket Making. Air Brush. Fog Signals. Raising Sunken 
“Yessels. Submarine Exploration, Dredging. The Compressed Air Blast. 
Sand Blast and its Work. Sand Blast Machines. Sand Blast Ornamenta- 
tion. Engraving. File Sharpening” Air Blast in Painting. Dusting 
and Cleaning. Carpet Cleaning. Compressed Air in the Bessemer Con- 
vertor and Blast Furnace. In the Rolling Mill, For Blasting. In 
Caisson Sinking. Pneumatic System of Tube Transmission. Postal 
System. Carrier Lodgment Finding. English Tube System, Store and 
Office System. Compressed Air in Warfare. Dynamite Guns and their 
Work. Loading. Turret Wérk. Steering, Cooling and Ventilating. 
Compressed Air for Raising Water Pohle Air Lift. Various Systems and 
Efficiencies, Compressed Air Water Works. Compound Air Lift. Multi- 
Stage Air Lift. Direct Air Lift, Various Systems. @ Economy of Com- 
pressed Air for Pumping. For Seyage Discharge. For Aerating Water. 
Cyanide Process for Extracting Gold. Woed Vulcanizing. Ageing of 
Liquors. Refrigeration by Vacuum. By Compressed Air. The Earliest 
[ce Machine. English Machines. Allen Dense Air Machine. Cold Stor- 
age and Cold Rooms by Direct Expansion of Compressed Air. Air Cooled 
Water for Drinking. “Hygiene of Compressed Air. Physiolo; ical Effects 
on Workers. ‘The Caisson Disease and Effects. Liquid Air and its 
Generation. Apparatus of Various Experimenters. Plants of Tripler and 
The General Liquid Air Co. Liquid Air Phenomena. List of Patents on 
Comprgssed Air from 1875. 





Gas Engine Construction 


A Practical Treatise 
SECOND EDITION 


By HENRY V. A. PARSELL+» Jr., Member A. I. Electrical En- 
gineers, and ARTHUR J. WEED, Mechanical Engineer. 


Demy 8vo. Fully Illustrated. 304 Pages. 


ros. 6d. net. 


CONTENTS : 
How the Gas Engine Works. The Four Classes of Engines. Design of 
a Small Gas Engine. Patterns. Specia] Tools. Cylinder. Piston. 
Connecting Rod. Bearings. Side Rods. Bed Plate.” Fly Wheels and 
Shaft. Cylinder Head. Inlet Valve. Exhaust Valve. Valve Gearing. 
Teniter Assembling. Regulating and Starting. Carburetors: 
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Gas, ‘Gasoline and Oil Engines 
TENTH EDITION, 1904, REVISED AND ENLARGED 
By GARDNER D. HISCOX, MLE. 


‘Author of “Mechanical Movements, Powers, Devices, and Appliances,” 
“Compressed Air in all its Applications,” etc. 


Demy 8vo. 413 pages. 312 Illustrations and Diagrams. 


10s. 64. net. ¥ 


An up-to-date book on Explosive Motors for all power purposes. The 
most complete in Theory and in Practical details of construction and opera- 
tion. Explosive Motors for Stationary, Marine and Vehicle Power are 
fully treated, together with illustrations of their parts and tabulated sizes, 
and extended notes on their care and running. Ignition is fully explained 
and illustrated, with ample notes for Testifig for economy and power, and 
the erection and installation of power plants, 


a CONTENTS : 

Introductory. Historical. Theory of the Gas and Gasoline Engine. 
Jtilization of Heat and Efficiency iti Gas Engines. Heat Efficiencies. 
Retarded Combustion and Wall-Cooling. Causes of Loss and Inefficiency 
in Explosive Motors. Economy of the Gas Engine for Electric-Lighting. 
The Material of Power in Explosive Engines. Gas, Petroleum Products, 
and Acetylene Gas, Alcohol. Carburetters, Atomizers and Vapour Gas for 
Explosive Motors. Cylinder Capacity and Dimensions of Gas and Gaso- 
line Engines. Mufflers on Gas Engines. Governors and Valve Gear. 
Ignitors and Exploders. Hot Tube, Electric, Jump Spark. Hammer 
Spark, Induction Coil and Dynamo. Cylinder Lubrication. Qn the 
Management and Running of Explosive Motors. Pointers on Explosive 
Motors. The Measurement of Power by Prony Brakes, Dynamometers 
and Indicators, Speed Measure. Explosive Engine Testing. Types of the 
Explosive Motors. Various Types of Stationary Engines, Marine and 
Vehicle Motors. United States Patents on Gas, Gasoline and Oil 
Engines, and their Adjuncts, 1875, to July 1, 1902, inclusive. 


y 


Reinforced Concrete 


Construction 


r By A. W. BUEL and C. 8. HILL. 
Fully Illustrated. 
21s. net. 


CONTENTS: 


sEconomic Use and Properties of Reinforced Concrete. Beams and 
Theories of Flexure. Columns. Retaining Walls, Dams, Tanks, Conduits 
and Chimneys. Tests and Designs of Arches. Foundation Construction. 
Building Construction. Bridge-and Culvert Construction. 5 Conduit Con- 
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Liquid Air and the Liquefaction 


of Gases : 
By T. O'CONOR SLOANE, A.M. E.M., Ph.D. 








Second *Edition. Many Illustrations. 


10. 6c net. 


This book gives the history of the liquefaction of gases from the earliest 
times to the present. It tells what may be expected from it in the near 
future. It is a logical explanation and application of the Principles of 
liquefaction, a history of the theory, discovery and manufacture of liquid 
ait, and it renders simple one of the most perplexing chemical problems of 
the century, 

CONTENTS: 


Physics, Heat. Heat and Gases. Physics and*Chemistry of Air, 
The Royal Institution of England. Michael Faraday. Early Experi- 
menters and their Methods, Raoul Pictet. “Louis Paul Cailletet. Sig- 
mund von Wroblewski and Karl Olszewski. James Dewar. Chas. E. 
Tripler. The Joule-Thompson Effect. The Linde Apparatus. The 
Hampson Apparatus. Experiments with Liquid Air. Some of the 
Applications of Low Temperature. 





Cotton Seed Products. 


A Manual of the Treatment of Cotton Seed for its 
Prodicts and their Utilization in the Arts 


By LEIBERT LLOYD LAMBORN, ; 


Member of the American Chemical Society ; Member of the Society of Chemical Industry. 
With 79 Hlustrations and a Map. 


12s. 6d. net. 


CONTENTS: 


The Cotton Plant. The Cotton Seed Industry. Summary of Procedure_ 
of Utilization of Cotton Seed. Cotton Seed. Cotton Seed Products. 
Manufacture of Oleo Margarine and Lard. Compound. Manvfacture of 
Soap and Soap Powder. Cotton Seed. Meal and Cotton Seed. Hulls 
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Shop Kinks 


By ROBERT GRIMSHAW 
SECOND EDITION 


A Book for Engineers and Machinists 


With 222 Illustrations. 
1os. 6d. net. rv 
The book is indispensable to every machinist or practical engineer. 
CONFENTS : 
Lathe Speed. Lead Screw. Grinding Lathe Centres and Spindies. 

Cut-off Centres. Table Centres. Centres Right and Wrong. Testing 
Centres. Alignment of Centres. Setting Lathes. Backing-off Cutters. Bell 
Chucks. Spring Chucks. Drivers and Dogs. Milling Vise. Steady Rests. 
Tool Clamps. “Tool Holders. Gauges. Centre Drilling. Combination 
Drill and Counter Sink. Centre Reamer. Centring Devices. Chasing, 
Chilled Roll Turning. Curve Boring, Turret Lathe Tools. Special T ‘ool 
Holder. Fluting Reamers, Squaring UP Connecting Rods. Turning 
Vulcanized Fibre. urning and Key Seating Shafting. Counter Balancin, 
Cranks. Slide Rest. Making Reamers. Step Reamer. Standard an 
Adjustable Reamers. Planers, Quick Return, Open Side, and Holding 
Work. Planer Chucks. Hollow Planing and Large Work. Planer 
Parallels and Gage Blocks. Cutting Gears on Planer and Slotter. Boring 
nes and Large Holes. Boring Bars. Work on the Drill Press. 
Clamping Jig and Clamps. Starting and Centring Drills. Drilling Hard 
Steel. iiing Glass. Splicing Drills. Long _ Drills. Twist Drills. 
Drill Speed. Drilling in Water Pipes. Drilling Square Holes. Cutting 
Teeth in large Quadrants. Milling Cutters, Solid and Sectional. Gang 
Milling Cutters. Speed of Milling Cutters. Emery Wheels and their Work. 
Grinding Gages. Grinding Rolls and Balls. Metal Saws and Cold Sawing. 
Punches, Centring and Spiral Taps. Plain and Collapsing. Frictionless 
Taps. dies and Screw Cutting. Bending Copper Pipes. Riveting. 
Calking Tools and their Use. Surface Plates. Surface Gage. Beam 
Callipers. Measuring Screw Threads. Broaching Keys. Solid, Split, 
Taper. Cutters. Set Screws. Gaging Worm Threads. Jigs and Special 
Tools. Files and File Sharpening. ‘Bevel Filing. Finishing Clamps. 
Pattern Making and Finishing. Chucks for Wool. Steam hammers. Air 
Blasts. Moulding and Casting. Loan Moulds. Core Making. Brass 
Furnace and Casting. Chilled Castings. Hardening and Tempering Tool 
Steel and Springs. ‘Hardening Dies and Saws. Malleable Castings. An- 
nealing Steel. Sketching and Drawing. Standard Hatchings. Sun 
Prints and Blue Prints. Designing. Cast tron Beams and Columns. 
Piston and Rod. Filletting. cillating Valves. Locomotive Drivers. 
Nuts Working Loose. Cost of Work. Calculating Horse Power of En. 
gines. Safety Valve. Centre of Gravity. Atmospheric Pregsure. Driv. 
ing Blocks. Drift for Arbors. Shrinkage Gage. Cranes. _Derricks 
Hoisting. Shop Lighting. Lining up Shafting. Pulley Balancing 
Hanging Clutch Pulley. Loose Pulleys. Keying Pulleys. Split Pulleys 
_Belt Shifters. Belt Handler. Gearing and Sprocket Wheels. Beve 
Gear Teeth. Raw Hide Gears. Figuring Gear Teeth. Laying Ou 
Gearing. Bearings. Ball Bearings. Turbine Steps and Step ‘Bearing: 
Gea R ee annunciators. Tool Lists. Scraping Fits. Straightenin 

JTool Lists. ee roc ES Ete 
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Plat and Profile Book for Civil 


Engineers and Contractors 
By H. F. DUNHAM 
“Flexible Leather Binding. 
4s. ee 
“a Cantaining 28 pages of Feats Pare aie of Severs for Various Slopes 


and Drainage Areas, and information for making Estimates in Electric 
Construction, : 





Engineering Contracts and 
Specifications 


By PROFESSOR J. B. JOHNSON 


556 pages. 
12s. net. 


Including a Synopsis of the American Law of Contracts; Engineering 
Specifications and Accompanying Documents ; Specific, Descriptive, or 
Technical Clauses in Specifications, including Silustrative Specifications 
for Excavations and Embankments ; Cement, Mortar, Concrete and 
Masonry ; Street Pavements and Materials ; Sewers ; Water Pipe, Lumber 
Grading and Classification ; Iron and Steel; Pile and Trestle Work; 
Electric Light Station, etc. ; MWlusttative Examples of Complete Contracts 
and Specifications for Pumping Engines and Boilers; Bridges, Masonry* 
Lock; Dam; Electric Railways, Generators ; Motors, etc. ; also New 
Specifications on Riveted Steel Water Pipe ; Wooden Stave Water Pipe ; 
Wrought-iron Chains; Railroad Concrete Work; Railway Road-bed ; 
Levees ; Steel Highway Bridges and Viaducts ; Steel Railroad Bridges and 
Viaducts ; Preservation of Railroad Cross-ties ; Filter Gravel aad Sand =~ 
Specifications and Contract for Architects’ Services ; and the Gener4l 
Specifications for Testing Hydraulic Cements, adopted by the U. S. 
See eee Carns. Besides these, Two New Appendices are given on The 
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Ferthwork and its Cost 
- By H. P. GILLETTE 


256 pages. Fully Illustrated. 
8s. net. : 
re CONTENTS : 
Introduction. The Art of Cost Estimating. Causes of Underestimates. 
Ambiguity of Specifications. Unfairness of Specifications. Earih Shrink-, 





age. Swelling of Earth, Shrinkage of Earth. Earth Classification : Kinds 
of Earth, Test-pits. Cost of Loosening and Shovelling : Cost of Ploughing, 
Cost of Picking, Cost of Shovelling. Cost of Dumping, Spreading, Rolling, 
etc. : Cost of Dumping, Cost of Spreading, Cost of Ramming and Rolling, 
Cost of Sprinkling, Cost of Trimming. Cost by ‘Wheelbarrows and Carts : 
Cost by Wheelbarrows, Cost by Dump Carts, Rules for Estimating Cost. 
Cost by Wagons : Sizes of Wagons, Speed and Power of Horses, Dishonest 
Teamsters, Cost of a Railroad Embankment, Cost of Cellar Excavation. 
Cost of Dykes, Rules for Estimating Cost. Cést by Buck and Drag Scrapers: 
Two Examples of Cost by Buck Scrapers, Three Examples of Cost by Drag 
Scrapers, Errors of Trautwine’s Tables, Rule for Estimating Cost. Cost by 
Wheel Scrapers: Sizes of Wheelers, Errors of Trautwine’s Tables, Four 
Examples of Cost, Wheelers for Loading Wagons, Three Rules for Esti- 
mating Cost. Cost by the Etevating Grader : Uses and Limitations of the 
Grader Cost of Wagon Loading on the Chicago Canal, Rule for Estimating 
Cost. Cost by Steam Shovels: Output of each of Sixty Shovels on the 
Chicago Canal, Force required and t, Output and Costs on Railroad 
Work, Cost of Moving Shovels, Rule for Estimating Cost. Cost by Cars: 
Tractional Resistance of Dump Cars, Portable Trestles for Cars, Running 
Cars over Ice, Trautwine’s Errors in Estimating Cost, Cost of Laying Light 
Track, Cost of “ Spotting ” Cars and Hauling with “ Dummy,” Unloading 
Flat Cars by Plough, Hauling Dump Cars with Horses, Rule for Gpst of 
Hauling. How to Handle a Steam Shovel Plant: Types of Shovel, 
Operation of Stearn Shovels, Methods of Widening Railway Cuts, Cutting 
Down G:ades, Handling Shovel Plants on Railway Construction, Same on 
Canal Work, Incline Conveyors Loaded with Shovel, Incline and Tipple 
Output. Summary and Table of Costs: Summary, Table of Costs, 
® Contract Prices. Cost of Trenching and Pipe Laying: Cost of Trenching 
for Water Pipes and Pipe Laying—Six Examples, Cost of [renching and 


ms Sheeting for Sewer Work—Six Examples, Cost with Trench Machines, 


Cost with Ca>leway. The Cost of Hydraulic Excavation: Amount of 
Water Required, Cost of Filling R. R. Trestles by Sluicing, Cost of Dam 
Filling, Cost of Placer Gravel Mining. Cost of Dredging, Types of Dredges, 
Cost by Dipper Dredge, Cost by Grapple Dredge, Cost by Bucket Elevator 
Dredge, Cost by Hydraulic Dredge, Contract Pricés of Dredging. Miscel- 
laneous Cost Data: Post Holes. Dredging with Drag Scraper, Cost by 
ower Scraper, Coasting Conveyor, Cost by Derricks, Wheelbarrows 
Loading Flat Cars, Cost of Plank Roads, Cost of Grading Wagon Roads, 
Frozen Earth, Belt Conveyors, Cost of Puddle, Cost of Grubbing and 
Clearing, Cost of Excavation N. Y. Rapid Transit Subway, Cost of Loading 
Wagons with Steam Shovel, Cost of Loading Cars witha Cableway. Earth 
waend Earth Structures: Voids and Weights of Earth, Natural Slopes, 
Friction of Earth, Author's Formulas for Earth Pressure, Slips and Sub- 
sidences, Embankment Construction, Effect of Freezing. Appendices— 
D. i1 Bield and Office Survey Work : The Author’s Automatic Level-Rod, 
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The Elements of Water 
Supply Engineering 


By E, SHERMAN GOULD 


8s. net. 


~ CONTENTS : 

Flow through a Shdrt Horizontal Pipe. Effect on Velocity of Increased 
Length. Frictional Head. Hydraulic Grade Line. Hydrostatic and 
Hydraulic Pressures, Piezometric Tudes. Results of Raising a Pipe Line 
above the Hydraulic Grade Line. Why the Water ceases to Rise in the 
Upper Stories of the Houses of a Town when the Consumption is Increased. 
Influence of Inside Surface of Pipes upon Velocity of Flow. Darcy’s 
Coefficients. Fundamental Equations. Length of a Pipe Line usually 
determined by its Horizontal Projection. Numerical Examples of Simple 
and Compound Systems. Calculations are the same for Pipes laid Hori- 
zontally or on a Slope. Qualification of this Statement. Pipe of Uniform 
Diameter Equivalent to Compound System. General Formula. Numerical 
Example. Use of Logarithms. ‘Numerical Example of Branch Pipe. 
Simplified Method. Numerical Examples. Relative Discharges through 
Branches Variously Placed. Discharges Determined by Plotting. Caution 
Regarding Results Obtained by Calculation. Numerical Examples. 
Numerical Example of a System of Pipes for the Supply of a Town. Estab- 
lishment of Additional Formulz for ‘acilitating such Calculations. Deter- 
mination of Diameters. Pumping and Reservoirs. Caution Regarding 
Calculated Results. Useful Approximate Formule. ‘Table of 5th 
Powers. Preponderating Influence of Diameter over Grade Illustrated by 
Example. Use of Formula 14 Iitustrated by Numerical Example of 
Compgund System combined with Branches, Comparison of Results. 
Rough and Smooth Pipes. Pipes Communicating with Three Reservoirs. 
Numerical Examples under Varying Conditions. ‘Loss of Head from other 
cause than Friction. Velocity, Entrance and Exit Head. Numerical 
Examples and General Formula. Downward Discharge through a Vertical 
Pipe. Other Minor Losses of Head. Abrupt Changes of Diameter. 
Partially Opened Valve. Branches and Bends. Centrifugal Force. 
Smatl Importance of all Losses of Head except Frictional in the case of Long 
Pipes. All such Covered by “ Even Inches in the Diameter. Notes on 
Pipe-laying. Weight of Cast-iron Pipes. Various Useful Formule. 
Notes on Water Supply Engineering : Quality of Water, Quantity of 
Water, Dams, Calculation of ; Construction of. Reference to other Pub- 
lications. Flow of Water through Masonry Conduits. Some Details of 
Tunnel and Aqueduct Construction. Filtration of Public Water Supplies. 
Pumping Engines and Duty Triak. Arches and Abutments. Hydraulic 
Tables. Index. 


~ 





Tables of Squares 


By JOHN L. HALL 
Leather. 


Pe y ') 
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Méchanics—Problems for 


: Engineering Students 


By PROFESSOR F. B. SANBORN 
Fully Illustrated. 


6s. net, 
CONTENTS : cane 

I, WORK (Problems 1-172).—Foot-Pounds, Raising Weights, over- 
coming Resistances of Railroad Traias, Machine Punch, Construction of 
Wells and Chimneys, Operation of Pumping Engines. Force and Distance 
or Foot-Pounds Required in Cases of Pile-Driver, Horse Differential Pulley, 
Tackle, Tram Car. Horse-Power : Required to Wirdmills, Planing 
Machines, Gas Engine, Locomotive, Steam Engines—Simple, Compound, 
Triple, Slow-Speed, High-Speed Engines. Horse-power from Indicator 
Cards, Required by Electric Lamps, Driving Belts, Stéam Crane, Coal 
‘Towers, Pumping Engine, Canals, Streams, Turbines, Water Wheels. 
Efficiency, Force or Distance Required in Cases of Fire Pumps, Mines, 
Bicycles, Shafts, Railroad Trains, Air Brakes, the Tide, Electric Motors, 
Freight Cars, Ships. Energy: Foot-pounds, Horse-power. Velocity : 
Ram, Hoisting Engine, Blacksmith, Electric Car, Bullet, Cannon, Nail, 
Pendulum. Energy resulting from Motion of Flywheel and Energy 
required by Jack-screw. Il. FORCE (Problems 172-405).—Forces acting 
at a Point: Canal Boat being Towed, Rods, Struts, Beams, Derrick, 
Cranes set as in Action ; Balloon held by Rope, Hammock Supported ; 
Wagon, Tracks, Picture Supported : Forces in Frames of Car Dumper, 
Tripod, Shear Legs, Dipper Dredge, also in Triangle, Square, Sailing Vessel, 
Rudder, Foot-bridge, Roof-truss. Moments for Parallel Forces: Beams 
Balanced, Pressure on Suppor's. Propelling Force of Oars, Raising Anchor 
Force at Capstan, Bridge caded Pressure on Abutments, Lifting on end 
of Shaft, Boat Hoisted on Davit, Forces acting on Triangle, Square, 
Supports of Loaded Table and Floor. Couples: Brake Wheel, Forces 
acting on Square. Stresses : Beam leaning against Wall, Post in Truss, 
Rope Pull on Chimney, Connecting Rod of Engines, Trap-door held up by 
. Chain. Centre of Gravity : Rods with Loads, Metal Square and Triangle, 
Circular Disk with Circular Hole punched out, Box with Cover open, 
Rectangular Plane with Weight on one end, Irregular Shapes, 
‘ Solid Cylinder in Hollow Cylinder, Cone on top of Hemisphere. 
Friction: Weight moved on Level ‘Table, Stone on Ground, Block 
on Inclined Plane, Gun dragged up Hill, Cone sliding on Inclined 
Plane; Friction of Planing Machine, Locomotives, Trains, Ladder against 
Wall, Bolt Thread, Rope around a Post ; Belts, Pulleys and Water-wheels 
in action ; Heat Generated in Axles and Bearings. HI. MOTION (Prob- 
Jems 40§-500).—Uniform ‘Acceleration; Railroad Train, Ice Boat, Stone 
Falling and Depth of Well, Balloon Ascending, Cable Car Running Wild. 
Relative Velocity: Aim in Front of Deer, Rowing across River, Bullet 
Hitting Balloon Ascending, Rain on Passenger Train, Wind on Steamer, 
‘Two Passing Railroad Trains. Distance, Velocity, Friction, Angle of 
Inclination ; Train Stopped, Steamer Approaching Dock, Cannon Recoil, 
—Zpeomotive Increasing Speed, Body moved on Table, Box-machine, 
Motion of Table, Barrel of Flour on Elevator, Man's Weight on Elevator, 
Cage Drawn up Coal Shait. Projectiles : Inclination for Bullet to strike 
Given Point, Motion down Plane, Stone dropped from Train, Thrown from 
‘Tower, Projectile from Hill, From Bay over Fortification Wail. Pendu- 
lums : Simple, Conical, Ball in Passenger Car. Impact; Water suddenly 
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The Railway Transition Spital 


By PROFESSOR A. ‘N. TALBOT 
6s. net. 


CONTENTS: 


' Nomenclature. Tory. Summary of Principles. Description and 
Use of the Tables. Choice of a and the Length of Spiral. Location of 
PLS, PLC. C.and P.C. Laying Oué the Spiral by Co-Ordinates. Loca- 
tion by ‘Transit and Deflection Angles. Application to Existing Curves. 
Compound Curves. Miscellaneous Problems. Uniform Chord Length 
Method, Street Railway Spirals, Conctusion; Explanation of Tables, 
*which include Transition Spirals, Factors for Ordinates, Unit Spiral 
Deflection Angles, Co-efficients for Deflection Angles, Street Railway 
Spirals, Offsets for Spirals. ~ 


Tables for Obtaining Horizontal 
Distances and Differences of Level 


from Stadia Readings 
NOBLE & CASGRAIN 


4s. net. 
oa 


Giving distances and heights for all stadia readings from 1 to 9 and for 
every minute of altitude. 


Technic of Mechanical 
Drafting 
By G. W. REINHARDT. 


Fully Illustrated. 


4s. net. 


Giving general instructions on the care and handling of Draughtsmen’s 
Instruments and Materials, and containing chapters on Outlining, Outline 
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‘Surveying Manual 
A Manual of Field and Office Methods 


By W. D. PENEE and M. S. KETCHUM 
8s. net. 


CONTENTS: cal 


General Instructions. The Chain and Tape. TheCompass. The Level. 
The Transit. Topographic Surveying. Land Surveying. Railroad Sur- 
veying. Errors of Surveying. Methods of Computing. Freehand Let- 
tering. - 


Office-Copy - Booklet: 


By the same Authors. 
48. tet per. dozen. 





Published primarily for use in connexion with The Surveying Manual, 
but very useful in drainage, topographical surveys, etc. 





Text Book on Plain Lettering 


By H. S. JACOBY.” 
” 12s. net. 


Containing chapters on constraction and spacing of letters, titles, selec- 
tion of styles, mechanical] aids and 48 plates illustrating construction of 
letters, spacing titles, proportioning, scales, meridians, borders, Coast 
Survey rules, maps and titles, Geological Survey standafds and maps, 
Mississippi River Commigsion titleand maps, Corps of Engineers, specimens 
of type and explanatory notes. 


Earth Dams 


By BURR BASSELL 
Fully Illustrated. 
48. net. 
CONTENTS : 


_ Cac atne and Investioatiane Ontline Strdv 
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The Design of Steel Mill 
Buildings 


~And the Calculation of Stresses in Framed 
Structures 


By M. S. -KETCHUM 
380 pages. Fully fHustrated, 


16s. net. 
, 


CONTENTS: 


Introduction. Loads. Dead Loads. Snow Leads. Wind Loads. 
Miscellaneous Loads. Stresses. -Graphic Statics. Stresses in Framed 
Structures. Stresses in Simple Roof Trusses. Simple Beams. Moving 
Loads on Beam. Stresses in Bridge Trusses> Stresses in a Transverse 
Bent. Stresses in Portals. Stresses in Three-hinged Arch. Stresses in 
Two-hinged Arch. Combined and Eccentric Stresses. Design of Mill 
Buildings. General Design. Framework. Corrugated Steel. Roof 
Coverings. Side Walls and Masonry Wails. Foundations. Floors. 
Windows and Skylights. Ventilators. Doors. Shop Drawings and 
Rules, Paints and Painting. Estimate of Weight and Cost.  Mis- 
cellaneous Structures. Appendix I, Specifications for Steel Frame 
Mill Buildings. 


Complete Table of Contents on Application. 


Topographical Record: and 
Sketch Book 


For use with Transit and Stadia 
By D. L. TURNER 


3s. 6d. net. 


Containing explanatory introduction, giving the Author's suggestion as 
to the best method for using the book. Following this are eighty pages 
tuled in blue, the left-hand pages containing columns for field netes and 
the right-hand pages being ruled with radial lines and concentric circles, 
on which to sketch topography Iso tables giving Horizontal Distances 
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Railway Track and. Track Work> 


@ By E. ER. TRATMAN 
742 pages. 226 Illustrations. 
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